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FOREWORD

This report covers an engincering study and test program conducted by Goodyear

Aircraft Corporation on 8 cost-sharing basis for che United States Air Force, Rome Air
Development Center, under contract AF30(692)-2753 during the petiod from 4 May 1962

through 30 November 1962.

This report is designated as Goodyear Aircrafe Corporation Engineering

Repott GER-10670.
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ABSTRACT |

i

This report describes the results of an engineering study program for a post-
attack, rurvivable antenna installation. The purpose of the prosram was to determine the
feasibiliry of an air supported, integrated, radome-antenna conffpgumu‘ou that can be
packaged in a emall volusie, stoted underground in & hardened gnclosure, and capable of

‘ being quickly and <utoma:ically erscted. Performance characteristics ate to be compara-
ble to & couventional 25 by 18 foot parabolic reflector.

Theoretical computations werz made to establish the averture parameters, feed
configuration, reflector shape, and reflector parallel conductor fonfiguration. Tests were
petformed to confirm the theoretically established design configuration. Accuracy re-
quirements were establiched for the reflector shape and paralle] conductor arrangement

A preliminary stress analysis was made to establish the strength requirements for
the inflatable anteana structure under operational environmentaj conditions. A design
coafiguration is presented for the inflacable anteans structure. | Material selection con-
siderations, tooling, and manufacturing techniques are discussed.

A preliminary design concept is presented for adeardened antenna stowage enclo-
surc, which also includes feed erection and rotation mechanisnjs and inflation system.

A scale model of the inflatable astenua was derigned, fabricated, and tested.
Extensive far-field antenna pattern tests were performed, and results are shown.

The repults of the study and test program show that an jantenna system consisting
of a rotatable feed inside a noo-rotating inflacable structure that serves as both a radome
snd a reflecto Er‘fusible. An inflatable structure can be fabricated to a specified con-
tour, surfaced(with a reflector consisting of closely spaced parallel conductors, and after
inflation maintain this contour such that it will successfully meet radintion and environ-
mental requirements. Also an inflacable antenna of this type chn be practically stowed
in and deployed from & hardened enclosure designed to withstand nuclear atrack.
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AN ENGINEERING STUDY OF A POST-ATTACK ANTENNA SYSTEM

1. INTRODUCTION

Oaq 4 May 1962 Goodyear Airc:aft Corporation (GAC) initiated an engineering study under con-
tract with Rome Air Development Center (RADC) of the United States Air Force to determine the
feasibility of an air-suppocted, integrated, radome-antenna configuration and at the same time
determine its adaptability t5 a post-attack, hardened posture,

In additicn to the contract funds from RADC, GAC approximately matched these funds from
company development monics to allow for expanded effort in certain phases of the program. The
conposite results of both efforts are presented in this technical documentary report.

The basic concept, which uses a parallel cenductor grid made of a metallic material as a re-
flector, is not original with GAC; however, GAC has adapted this concept to an inflatable seruc-
ture suitable for storage ‘and erection from a hardened posture. The need for practical antsana
systems that can be utilized ‘allowing a nuclear blast is very real. With increasing warhead,
yields it has becowe very difficult to design an above-ground system that can survive both the
fireball or the over-pressure levels, At the same time there is a practical size a3d economic limit
to which hardened instal‘la:inns can be built to house fully erected antennas,

With this aim in mind a program was initiated which utilized the bardened concept but at the
same time was capable fpackagmg the antenna in a reletively small volume when not operational.
During the following six mont.bs (May thiough October 1962) GAC seudied the problems, conceived
a design, and tested a s¢ale model of such a system. The results of this program are contained
in this technical documentary report.

2. SUMMARY

The resulty of the engineering study to determine the feasibility of a post-attack survivable
aptenna installation ure that such an antenna system is not only feasible but also very practical.
Two basic conclusions were reached:

(1) An inflaable structure can be fabricated to a specified contour, surfaced with a reflector
coasisting of a grid of closely speced parallel conductors or dipoles, and after inflation
hold its contour such that it will successfully meet its specified radiation 2nd environ-
meneal requixen.jents.

(2) Based un preliminary design data and the adaption of standard methods used in the hard-
ening of missilé silos, a practical, unsophisticated, hardeaed euclosure can be designed
to meet the storage and srection requirements of a post-attack antenn system. The level
of protection provided is related directly to the copability of the enclosurs,

Table i outlines the antenna perforwance parameters established by the contract as design
goals. It also cowpares these goals with'those parameters achicved during the «f far field tests
at the center freque-\cy 6f 9080 mcs of & 0.1377 scale model of the radomc-antenna configuration
(Radoflector”). All goale were achieved by the scale madel tests except far the ~15 db side lobe
level achirved versus the =25 db side lobe desired. However, after an va.aination of program
test results, it is believed tha: a miniraium of ~19 db side lobe level can be achieved in a full
scale unit by optimizing the reflector shape, improving contour accuracy, mmmlzmg apemue
blockage, and further rehmng the feed desixa.

*An antenna consisting of a rotstable fixed feed inside a non-rotating inflatable structure thet serves as
both a sradome and s pnlbolxc antenns.
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TARLE L.

Antenna Performance Parameters

FULL-SCALE 0.1377 SCALE
PARAMETERS DESIGN GOALS MODEL RESULTS REMARKS
Size 18 x 25 ft parabolic Horizontal ~ 3.25 ft | Not a design goal as
reflector (spherical shape) such, but an informa-
Vertical - 3.35 tion parameter.
(shaped parabolic)

Frequency 1.2 =~ 1.3 gc (kmc) 8.720 ~ 9.440 gc Operatirg frequency is
an inverse function of
the scale factor.

Gain 30 dd 30.9db’ At the center frequency

‘ 9.08 ge.

Side Lote Levels -25 db ~15 db At the center frequency

' of 9.08 gec.

Azimuth Beamwidch 2.5 degrees 2.1 degrees At the center frequency
of 9.08 ge.

Elevation Beamwidth | csc? 6, from 9 to 30 esc? 6, from 9 to 30 | At the center frequency

degrees degrees (£1.5 db) of 9.08 gc.

Te is important to realize thau the scale model Radoflector achieved the re ults of Table 1 on
its initial try. The scale model could have been optimized to improve the side lobe level by some
tigure; however, inas.ouch as only feasibility was being proven, it was determined that the expend-
iture of additional time and money would not be worthwhile in this phase of the program.

Installed as a ground ceontrol inrercept or return to base communications antenna, in the en-
virons of a missile silo compiez as an emergency commurications (troposcaiter or microwave)
system, or as an emergency scarch radar system in the aircraft air defense environment, the post-
attack antenna system will be capeble f erection and operation without external resources imme-
diately folloving a devastating cuclear blase.

It is recomwended that the Air Force prozeed with the design and fabrication of an engineer-
ing service test model of the post-attack antenna system described herein and also included in the
prototype design data. Particularly, it is recommended that immediate effort be applied to the
materials test program outlined in Sertion 3 to select the best combination of high-strenzth, light-
weight, inflatable marerials,

3. ENGINEERING $TUDY

A. General )

The post-attack antenna system described herein (Figiur 1) employs an inflatable anuacated
oblate spherical radome-type structire 69 feet in diamerer. Paralle! metallic conductor - 2z
bonded to the surface at precise intervals and inclined to cross all lines that are parallel to the
base at 45 degrees for the top half of the reflecting surface. The bottom portion of the reflecting
surface is metallized. The metallic couductors and metallized section are employed over 360
degrees of the Radoflector in the horizoatal plane and their combined vertical height is 25.4 feet.
The botton edge of the illuminated aperture will be 5 feet above ground level. The desired beam
shaping is accomplished by contouring the raflector surface.
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The feed, located within the expanded structure at the focal point, radiates energy with 45
degree polarization patuliel to the metallic conductors which reflect the energy. The reflected
collimated energy is thes uvansmitted through the opposite side of the oblate sphezoid since the
conductors are orieated 90 degrees from their counterpares on the reflecting side. By proper .
choice of conductor size and spacing, the reflected beam will not be appreciably affectcd by the
conductors or the metallized surface. The feed horn is rotated to generate the scanning.
To determine the feasibility of such u system the engineering study v as approached as
follows:

(1) With the full-scale parameters (Table 1) firmly in mind, the initial effort was applied to
the determination of the vertical contour and a proper scale factor for « scale model. ) T

(2) The design sf the scale model was determined, and fabrication was completed.

(3) As fab’ceting and testing of the scale model were proceeding the design of the full-scale o
system - as also being carried forward with the intended purpose of applying to the full- j S
scale design that which was learned from the scale model design, fabrication, and test, 3 o !

The engineering study was divided into thres major areas:

(1) RF Design. The tf design esmablished the reflector aperture and contour requirements,
scale factor for the scale model, the feed design, the size and spacing of the reflective
materiul, transmission line characteristics, etc.

(2) Inflatabl. Structure Design. The inllatable structure design established the infiatable
rtrocture c.afiguration and fabrication requircments for both the scale model and full-size
post-attack antenna system.

(3) Mechanical Design. The mechauical drsign established the configuration of the mounting
base, guying cystem, inflation and regulation, hardened enclosure requirement, etc., for
both the scaie model and the full-scale system. b

‘..";\f R

B. RiDesign

1. Generl 2

An antenna system that consists of a reflector surface and a source of primary illumination
will exhibit & secondary pattets which is dependent upon two independent parameters:

(1) Reflector contour.

(2) Distribution of primary illumination acruss the reflector anerture. -

The following concepts can b~ used to obtain ® shaped secondary radiation pattem: j

(1) Complex feed concept. A shaped secondary radiation pattern can be produced by using a -
parabolic reflector and & feed system tlat exhibits a shaped primary pattern with more .
than one focal center. The required complex feed system can be made up of un wrray of
feeds or a lens and feed combination. The feed array would exhibit more than one dis-
crece focal center. The principle of superposition can be used in determining the distri- )
bution of focal centers and the radiation characteristics of the feed army. .
Shaped reflector concept. A shaped secondary radiation partem can be produced by using
& simple peimary feed and a contoured reflector surface. A portion of the refletor would
be puraboloidal, and a portion wil! be contoured according to geometric optics and con-
servation of energy pricciples.

The shaped reflector concept was chosen in preference to the zomplex feed approazh for the
initial design effort. The shaped reflector concept teads itself easily to the inflatable structure
(Radoflector) design and reduces the complezity of the feed design. S

2. Agcrmre Parameters . A

The aperture requirements of the proposed full-scale antenns are dependect on the gain, side ) C
lobe, and azimuth beamwidth requirements: g e

Gain = 30 db. S -

Side lobe level = ~25 db (maximum). .

Az muth beamwidth = 2.5 degrees (maximum),

(2)




By applying these requiremen.s to the relations that determine gain, side lobe level, nnd
beamwidth of a paraboloid antenna, the required apertute dismeter (D) can be detemmined. It
should be noted that the required gain figure must be increased to compersate for losses due to:

(1) Shaping of the elevation pattern.

(2) Non-perfect reflecting surface (metallic conductors parallel to E field).

(3) Reflection from non-perfect radome matcrial (meiallic conductors perpendicular to E

field).

The center frequency (fg) of the full-scale antennz is 1.25 gc (kmc). At this frequency the
corresponding frec-space wavelength (A} iz 9.45 inches.

By assuming the e'evation beamwidth 8, (before shaping) to be equal to the required azimuth
beamwidth a, a gain figure for a paraboloi{ antenna can be determined by the following experi-
mentally determined relations (Reference 1):

G (power gain) = 27,000/af3. (1)

When a = {3 = 2.5 degrees, G = 4330,

The gain figure expressed in db is G(db) = 36.3 db.

In determining a net gain figure, a reduction of 2 db from this gain figure due to shaping of the
elevation pattern was assumed (Reference 2), and an additional loss of 2 db due to non-perfect re-
flective and tran=missant surfaces was estimated from cursory wire gtid studies. The net gain
figure of 32.3 db is 2.3 db greater than the requirement for the proposed antenna system.

The required apertur diamster (D) is determined from the azimuth beamwidth requirement from
the following relation (Refcrence 3):

Half-power beamwidth, a = (69.5 degrees) (A/D). (2)
Letting a = 2.5 and solving for D, '
D = 262.0 inches ot 22,0 fect.

An optimum spherical sutface which will approximate the required parabolic surface of apar-
ture diameter (D) aad the corresponding optimum Jocal point (Fop) can be determined from the fol-
iowing relaticns (Reference 3):

(a/R)* = 14.7 (A/AV/(R/N) 3)
and

Fop =1/4 (R + VRZ —a2) 4)
where

a = aperture radius = D/2
R = radius of required spherical surface and
A/X = maximum allowable phase deviation in wavelengths = 1/16.

Using the above relations, the required radius is
R = 27.2 feet (minimum).

To compensate for contour teierances and a desired lowedge illumination (in the order of ~12
to —14 db) a radius of R = 34,5 feet was chosen., The purposs of decreasiog edge illumination is
to decrease side lobe levels and the phasing effects of the shaped pattemn. From Equation 3, the
corresponding value for parabolic aperture diameter is D = 25.4 feet,

From Equation 4, the optimum focal point (Fy,) corresponding to R = 34,5 feer is Fop = 16.65
feet.

3. Feed Desigr

The simplest antenna feed for the proposed antenna is an ordinary rectangular apsrture wave-
guide horn. The H-plane axis of the hom is positioned at an angle of 45 degrees with respect o




the hotizontal. The horn is required to exhibit equal E-plane and H-plane tadiation patterns in
order to achieve horizontal and vertical illumination symmetry. The apeiture and focal point re-
quirements of the proposed antenna require a horn that exhibits a —1C db taper at $41 degrees in
both principal planes. From dezign and experimental considerations, a suitable primary feed hom
wiil have an H-plane aperture (A) of 15.35 inches and an E-plane aperture (B) of 11.0 inches.

A more efficient peimary feed is one that exhibits an elliptical iilumination paitern with the
hocizoatal beamwidth of the puttern broader than the vertical beamwidth, In this manner the gain
and side lobe levels snould be improved by the more efficient llumination of the available aper- .
ture. However, since the peoposed antenna requites an E-field polarization of 45 degrees, a com-
plex feed horn design would be necessary. Such a horn would utilize a section of square or circular
guide and a phase shifting card. The basic principles are similar to those used in the design of
circular polarized horns.

From the standpoint of simplicity and economy, the rectangular aperture waveguide hom is
used, ‘

4. Primary Feed Pattern Measurements

Primary pattern measurements wese obtained from & feed hom scaled down for the scule model
Radoflector. Figure 2 shows the scale model feed horn. Tthe aperture dimensions for the scale
model horn ate A = 2.12 inches and B = 1.51 inches.

Radiation pattems were taken in an anechoic chamber at frequeacies of 8.67, 9.08, and 9.45
gc. He-plane (O-degree) and E-plane (90-degree) patterns were obtained as well as a 45-degree
polarization pattern. The resultant symmetry of illumination was adequate for the requirements of
the proposed antenna system. Figures 3, 4. and 5 show the respective radiation patterns.

\

2.50::

B=1.51"

}._

Figure 2. Primary Feed Hom for Scale Medael Radofiactor
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Since the hom will be used in & 45-degree polarization orientation, the azimuth side lobes level
for this condition must be kept at a minimum. Figure 5 shows the side lobe level to be less than
~23 db. The 10 db beamwidths for all cases were 83 degrees or less throughout the effective fre-

quency range (refet to Table 2). .
TABLE 2.
Feed Horn Characteristics
. 10-DB TAPER 10-DB
FREQUENCY POLARIZATION AZIMUTH ANGLES BEAMWIDTH
GO .
(Degrees) (Degrees)
9.08 HKotizoatal +41.0, =39.0 80
9.08 Vertical +38.2, -37.0 75.2
9.08 45 degrees +41.0, -41.0 82.C
8.72 Horizoatal +42.0, -43.0 85
8.72 Vertical +40.8, -40.0 80.8
8.72 45 degrees +42.8, -42.0 84.8
9.44 Horizontal +37.0, ~37.0 74.0 |
9.44 Vertical +36.8, -36.8 73.6 ¢
9.44 45 degrees +38.0, -38.0 76.0

VSWR < 1.3 &t f ~ 9.08, 8.72, and 9.44 gc.

5. Reflector
a. Contour Design. Coasidering an aanteana system that consists of a singly curved feed-
reflector combiastion, the primary radiation pattern and refl:cior surface contour are related by the
following equatic. . (see Figure 6):

& L] -
f P(6) 49 £ () dop
8 1
-} = b2 )
J' P(6) 49 f I($) db
G %1
)
lnp/p) = J‘ tan [—é—:;-@] d¢ 6)
(3 .

i
where “ }
I(¢) = primary radiation pattera
P(0) = secondary radiation pattern
p(P) = reflector surfhce concour
$ = primary pactern angle
= secondary patzern angle
@1 and 2 = reflector limits
61 and &3 = secondary patvern limits and
P1 = contowr point at B).
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/1
I

REFLECTOR SURFACE ,2

LOWER LIMIT OF SECONULARY
RADIATION

UPPER LIMIT OF SECONDARY
RADIATION

T FOCAL POINT (SOURCE OF
PRIMARY ILLUMINATION)

\ \</
rigute 8. Geometric Optics Relationships of Feed-Refluctor Combination

The above relations are derived from geometric optic theory and conservation of energy prin-
ciples.
For the specific case of the proposed antenna,

P(8) = K cscl (0 + 99
0; = 0 degrees
62 = 21 degrees

where
K = 1/csc? (59,

It should be noted that when the vertical contour is positioned cn the :adome structure at a
depression angle of 9 degrees, the effective secondary pattern will be P/ (8) = K csc2 8 from 9 to
30 degrees.

I(¢) is dependent upoa the gain, side lobe level, and azimuth beamwilth requirements of the
proposed aatenns, For the shaped reflector concept the patter would notmally be & aimple cosine
function between limits ¢y and 3.

Once the primary and secondary patterns have been established, Equar:ons § and 6 can be
evaluated either by mathematical or graphical integration techniques. The values of § correspond-
ing to the varieble parameter (¢) can be determined as & fynction of ¢, and the function *an
[ ~ 6(8))/2 versus ¢ can be plotted. By using & graphical integration technique, Equation 6 can
be evaluated, and 1n p/p) as a function of ¢ ean be determined. Using antilog conrersion methods,
the required contour p/p1(p) can be determined. The center of the coordinate system corresponds
to the focal point of the antenna.

n




It skould be noted that the above analysis considers singly curved reflectors only. However,
past experience has indicated that this method produces results which closely approximate the
results obwined with the more complex mnalysis of doubly curved surfaces.

The reflector contour is in terms of p/p) ; the scale factor {magnitude of p1) is dependent on
the aperture and foca! disance dimensions which are in turn dependent upon gain, side lobe, and
azimuth beamwidth requirements. Table 3 is a tabulation of the X and Y coordinates which de-
acribe the vertical reflector contour for the proposed snteana aysten. The point (x = 0, y = 0)
cormresponds to p/p) at ¢ = 0 degrees.

In order to achieve the desired cac’ pattem from 9 to 30 degrees, the coatour must be propesly
positioned on the radome structure. The desired pactera should be achieved when the borizonm!
axis of the contour is rotated Jownward 9 degrees at a pivot point corresponding to the cexnter of
the ori;inal 69-foct diameter sphere. The center of the feed horm will be 20 feet nbove ground
level.

The horizontal reflector contour is obtained by rotating the peoperly positioned ¢levation con-
tour 360 degreea about a vertical axis through the center of the spheroid.

b. Vertical Contour Evaluation. A scaled down (0.1377 scale, vame as the scale model)
vertical contour, defined by Table 4 coordinates, was simulated oo & universal dish (Figure 7).
The universal dish cnnsists of a support base containing psrallel blades which are adjustable in
a directica normal to the plane of the blades. Using a micrometer, the blades were adjusted to the
respective coordinnnc points. The spazing used berween blade edges was 0,385 inch.

The space between the blades was fiiled in with modeling clay. An aluminum foil covering
was used as the reflecting surface. The top and bottom edges of the dish were extended using
sluminum sheeting formed to the desired contours, The vertical beight of the dish was 40,25
inches; :he width was 18 inches. )

The pattern measurements of the universal dish were obtained using a 400-foot antznaa teae
range with the dish mounted oo & "mast® support tower (See Figure 8), o

The secondary antenna pattemns were obtained using the scale model primary feed previously
described. Initially, the feed was placed at the theoretical focal point {f = 27.60 inches). The
feed position was adjusted iteratively tc obetnin the hest approximation to the desircd secondary
partern. Figures 9, 10, and 1! show the final patierns at the center frequeacy, upper frequency
limit, and lower frequency limit respectively. The patterns devinte less than £1.5 db from the
theoretical curve. The finalized feed position parameters sre ns follows (see Figure 12):

X = 28,0 inches (focal distance)
Y = 1.8 inches
b = 0 degrees,

It should be noted that the above tests were performed oa a singly curved reflector surtace;
however, the results should be valid for a doubly curved coatour where the azimuth curve is para-
bolic. For the case of the Radoflector that portion of the spheroid that is within A/16 of a para-
bola is used in azimuth.

Table 5 shows the scale model coatour coordinants, renormalized with tespect to the new
focal point. In this coordinant system the coordinants of the focal point are

X = 28.0 inch

Y = 0 inch. ‘

The antennae patterus obtained from the vaiversal dish tests showed the peak of the curve to
occur ap § w +2 degrees with respect to an optically boresighted reference. For thin reascn the
X axis of the concour must be rotated dowuward an sddicionsl 2 degrees from the 9 degree refer-
ence that wes previously determined With this configuration (as shown ia Figure 13) the peak of
the cac? @ pattern should occur at § w § degrees with reapect to the hoeizonel,

"6, Theory of Parallel Conductors
a. General, A sutface that consists of parallel conductors exhibits a reflection coef-
ficient (T") which is a fuaction of the angle of the conductor axia with respact to polarization
angle of the incident electromagnetic wave whicl is normal to the surface.

12
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TABLE 3.
Full-Scale Vertical Reflector Contour Coordinants
Y COORDINANT X COORDINANT Y COORDINANT X COORDINANT
(Inches) (Inche ) (Inches) (Inches)
0 +0. 400 +154. 38 +31.045
+2.20 +0. 348 +158.00 +32.625
+5.75 +90.218 +161.63 +34.215
+9.37 +0. 145 +165.00 +35.815
+13.00 0 0 +0. 400
+16.63 +0. 109 -1.50 +0.471
+20. 25 +0.181 -5.13 +0. 689
+23.88 +0. 304 -7.75 +1.015
+27.50 +0. 450 -12.38 +1. 341
+31.13 +0.638 -16.00 +1. 668
+34.175 +0.830 © -19.63 +2.066
+38. 38 +1.050 -23.25 +2.465
+42.00 +1. 340 -2€.88 +2.987
+45.63 +1.661 -30.50 +3.553
+49. 25 +2.062 -34.13 +4. 169
+52.88 +2.429 -37.175 +4.872
+58. 50 +2.922 -41.38 +5. 604
+60.13 +3. 368 -45.00 +6. 395
+63.75 +3.980 -48.25 +7.337
+67. 38 +4. 600 -52.25 +8. 120
+71.00 +5.202 -55.88 +9.034
+74.25 +5.960 -57.25 +9.947
+78.25 +6. 740 -63.13 +11.035
+81.88 +7.576 -66.75 +12.216
+83.25 +8.483 -70. 38 +13. 340
+89.13 +9.461 -24.00 +14.631
+92.75 +10. 440 -77.63 +15.950
+96. 38 +11.419 -81.25 +17. 306
+100. 00 +12.398 -84.88 +18.814
+103. 63 +13. 340 -88.30 | +20, 336
+107.25 +14. 319 -92.13 + +21.917
+110.88 +15. 312 -95.75 +23.526
+114.50 +16.276 -59. 38 +25.172
+118.13 +17, 364 -103.00 +26.825
+121.75 +18.415 -106.63 +28. 580
+125. 38 +19.611 -110.25 +30.559
+129.00 +20.808 -113.88 +32. 444
+132.63 '+22.076 -117.50 +34.401
‘+136. 25 +23.454 -121.13 +36.518
+133.88 +24.853 -124.75 +38.498
+143.50 +26. 318 -128. 38 +40. 709
+147.13 +27.876 -132.00 +43.210
+150.75 +29.471 -135.63 +45. 748
-139.00 +42,908
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TABLE 4.
Scale Model Vertical Reflector Contour Coordinants
S
_ S,
Y COORDINANT X COORDINAN Y COORDINANT X COORDINANT

(Inches) (Inches) (Inches) (Inches)

0 +0. 055 +20.3 +4. 282 :

+0.3 +0.048 +21.8 +4.480

+0.8 +0.030 +21.3 +4. 720

+1.3 +0. 020 4+22.8 +4.940 . -

+1.8 0 0 +0. 055

+2.3 +0.015 -0.2 : +0. 065

+2.8 +0.025 07 +0.095

+3.3 © 4+0. 042 -1.2 +0. 140

+3.8 +0.062 -1.7T +0. 185

+4.3 +0.088 -2.2 +0.230

+4.8 +0. 115 -2.1 " +0. 285

+5.3 +0. 145 -3.2 +0. 340

+5.8 +0. 185 -3.7 +0. 412

+€.3 +0.233 -4.2 +0.40

+6.8 +0.285 -4.7 +0 375

+7.3 +0. 335 -5.2 +4.872

+7.8 +0. 390 -5.7 +0.773

+8.3 +0. 465 -6.2 +0.882

+8.8 +0. 550 -6.7 +1.012

+9.3 +0.635 -7.2 +1.120

+9.8 +0.725 -7.7 +1.246
+10. 3 +0.823 -8.2 +1.372, -
+10.8 +0.930 -8.1 +1.522
+11.3 +1.045 -9.2 +1, 685
+11.8 +1.170 -9.7 +1.840 .
+12.3 +1. 305 -10.2 +2.018 ‘ R
+12.8 +1.440 -10.7 +2.200 A ‘%
+13.3 +1.575 -11.2 +2. 387 ; B
+13.8 +1.710 -11.17 +2.595 S
+14.3 +1.840 «12.2 +2.805 /¢ ‘ﬁ
+14.8 +1.975 -12.17 +3.023 SN
+15.3 +2. 112 -13.2 +3. 245
+15.8 +2.245 -13.17 +3.472
+16.3 +2.395 -14.2 +3.700
+16.8 +2. 540 ~-14.7 +3.942
+17.3 +2.705 ~15.2 +4.215 RN
+17.8 +2.870 -15.7 +4.475 - g
+18.3 +3.045 -16.2 +4, 745 S
+18.8 +3.235 ~16.7 +5. 037 .
+19.3 +3.428 -17.2 +5. 310
+10.8 +3.630 ~17.17 +5.615
+20.3 +3.845 -18.2 +5.960 .
+20.8 +4. 065 -18.8¢9 +6, 342
+21.36 +4.283

14
e i F
I Y T T ST R e . mw—%‘  Kar it it " T T AT A e M o
i i, s G N L e A,AIV'wm:&:ki‘.ifxw;‘.‘m.,,:,,. L R v b e A e ) s T e e et A A LT R N DY AP IO PP Ly v sl




L e EER -
i e o - i i o - o i - [ -
[
‘ e S iaiaias S - - . e - - !
{
o -
f L S - :
§ N
. 3 2
) R
. 3 ;- H
iz 3 :
M : :
I E =
! : 2 :
: . , © - *
’ 4 2 :
B 4 H
. . 13
g K z
4 - =
L - N >
- ~
. [
E
3 N A
i . T 3 =
M i LS N
s i :
- .
R ;
Y e E ‘
o T ; :
mﬁ& . M 3 ;
N 3
. - E
. 3
——— E o
i - y}..|‘l“|\.‘xv|‘l.‘|ll|v w £
1 ‘
i
_ . . . . . . :
_ ;
+ ] m




- A
g [
. . :
. A
a i
. - ) k
et 0 Ghatrics ” o x L ANSRC
P S
i i K 8
- : .
4 ;
N ¥ !
. i :
. : . I ¢ 3
it » gl
> “.;A ki
iy - v :
. e T A A ! p " '
H L g L]
; : -
e ‘ . 1e °
) ¥ £ -
[ 4 .
. ! £ K &
' . < EE
! , -]
' i
1 k4 . ki
" /3 o L)
. Cd S
L . .
i ; [
3
i
] i
e d 3 b
e N ! i
: e :
. 3 . -
-
. . .
b b o e it L
e Casts i werad i ! Gl g P )
o=y s " e LA & i ianit H g i
! [l ik %
R Gt e k] R L T TP L S ST PO N I P N UL ST IR PRy P RS IE TN LT ST S SO P . . f aeati




Wﬁ - - Sl G v v
] L
b :
) .
{29 8076 = 3) Aousabaiy sajus)) i0 winiing wO)IDAST Y3{Q [OSIBAIUR 6 b)Yy ~ L
[ :
1 j BERF +1= TELE EE BESE - RERE == :
3 -1 i~ - 3 s = B =i 4 =
wi RS HEERNENNES EERNRENE B ‘
1T Bl - IEEBEE vtw‘.r; - B ERE 2
4 : Lt —+ ,iT 4
- e P B L U $-43 =
S O L I_|| = —— S N E3 —4—
r ' RSN RERE RN NRNNEREENEREE 1 n X .
41 , HERNERE N NEEEE . RN RSNy RERE 44 :
i _ L7 ;
REEA IR R RRE SEH T HA EEEEEERRY| E w
. By = ! ¥i 1K)
1 1 T - Ihll\ T 1Y N Bl B 7 1 - 1 N& 1 l3
0240
44 .J.f SENEREENENEEE ] EASENEAEE NN :1‘.‘.: i 3
. o]
Il i F -4 ‘mmu
-t 1] Il;r‘_ﬁllvlﬂll‘r 41 1 1 TH1 1T 1 11T i il el e e o I .
- - 4444 : iR%en ) : I U U6 O O I O I 444 - 4144
X xm : ﬂ” L p n :
H ! i =11 3A8ND "y3) ;
T 20806 =5 {” u { ”Uv.ﬂ.ﬂ ARV4REE TV TVA T T 1 ; i
wrelqd vorjeany ; ] - 3
i it il b unguressaann f o 211 ~ 1 -4 I N O i
T P ” - ot
B it i T + - 1 S 111 g T i . :
i { | 4 { - i £
1] M ~ u - e B - ‘w
!

b e




(O G S

[

{09 176 = 1) 41wy Aousabauy yBiy i weyny UO(IBAS]g yS|] [psiealuny i aunBig

[ 1 w w
. 0z .51 } < 1
Jf T e e 4 ! 4

ERE A HAH HHE ~ 1 3 !

[ ¥nng

ik

e
I
{
|
i
i
[
I
.
|
]
'
[
1
i
I
o' N
Y13
L

i\

w
:i
I
A
¥ il
7
I

1
7/
i
I
|
[
"
.3,4»\0%}«1;/\:‘1

¥
S
'
1
|
T
|

0% =3

T -— X4
: | TN ,lllhwlf , ERRARV AR y ;
weld voeaay 4 i {. ™ /] 1 T s 1 ?
) ousgresaaanpn 41 ) b : ! | N TN P4 ] 3
] . : ) v - -4 4. . . a i O O O S B O H
1 y N B D pe 1 i . 4
H 4 b A I ‘w H i N :
; g1 N e e o ] i
i s 1 1] . : M
e : : i REED T 1 3
N R RRRE RN AN RERO RPN RAE 1T
i i t EEREEE AERRlNNNn NN NS, 1] BNE ] i
ot - ;o




54900 S0 PESON TN 06 T 1] R skl
LSRR AT SN I N A | T ] 1
T, ST T I | et
N I l] ™ el |
IR Sled |
HHITH R i
ki § I :
ool ‘
I 15" J
L E4= ! 1
- T !
TEE, ‘ ;
SHw et c

IDEAL CURVE

Figure 11. Universal Dish Eiovation Pattern ot Low Frequency Limit (f = 8.72 GC)

19

T

R




+ Y VERTICAL REFLECTOR
CONTCUR (TABLE 4))
P

/ PRIMARY HORN AXIS

( FEED ANGLE=(P)

FOCAL POINT
i (X=28.0",Y=1.,8)

Nt el

+X

20.69"

-Y

Figure 12. Faed Position Paremeters Determized from Universal Dish Tesis

When the conductors are parallel to the E field, the reflection coefficient of the array will be
maximum ([74x) When the conductors are perpendiculas to the E field, the resultant reflection
coefficient will be minimum (Tiin). The magnitudes of Fuzx and Ioiy sre dependest upon the con-
ducter configuration, spacing, and waveiength.

The following conductor configuraticos were considered as pessible reflective surfaces and
can be utilized in achieving & surface that exhibits suvitable I, and T, ;. charsctetivtics:

(1) Parallel wires of finite diameter

(2) Parallel, flag, meeallic coaductoes of negligible depth and finite width

(3) Paralicl metallic conductors of negligible width und finite depth,

A final decision a3 to the exact configuration of the parallel conductors for the full-gcale
design will require further study and material adherence tests. At the present time the jaralle],
fiat, metallic conductors of aegligible depeh and finite width seem the most practical. The par
allel wires at lower frequencies can hecome large ia diameter, difficult to fabricete and attach to
the inflatable scructure, and di*ficult to fold, The same basic reasoning is also true for the case
of the parallel metallic conductees of negligible width and finite depeh,

b. Parallel Wires of Finite Diameter. A 3ingle perfectly conducting wire of diameter (d)
bas a finite value of normalized susceptance jB/Yy (where Yy = admittance ot free spsee). The
value is depeadent upon the wavelength of the incident signel (A) and che orientation of wire azis
with respect to polarization angle (E vector). When two of moce parellel wires are conzidedcd, the
center-to-center spacing (s) becomes n critical purameter in determining a resultant susceptance
value. Investizations have fumished susceptance characteristics of parallel wire grids as a func-
tion of diameter, spacing, and wavelength. From these sources, susceptance characteristics of
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TABLES. - a5
Renormalized Scale Mcdel Vertical Feflector Contour Coordinents . ’
(Feed Hom Axis Corresponds to X Axis) ‘
Y COORDINAN X COORDINANT Y COORDINANT r X COORDINANT ] }
{Inches) (Inches) {Inches) (Inches) TR L
0 0 0. 0
+0.5 +0.015 : -0.5 +0. 020 SRS H
+1.0 +0.025 -1.0 +0.030 ‘ }
+1.5 +0.042 -1.5 +0.048 : Sy
+2.0 +0. 062 -2.0 +0. 085 44
+2.5 +0. 088 -2.5 +0. 095
+3.0 +0. 115 -3.0 +0. 140
+3.5 +0. 145 -3.5 +0. 185 S 1
+4.0 +0. 185 -4.0 +0. 230 ; e
+4.5 +0. 233 : -4.5 +0. 285 : 41
+5.0 +0. 285 -5.0 +0. 340 ‘ y
+56.5 +0. 335 -5.5 +0. 412 TR L
+6.0 +0. 390 -6.0 +0. 480 ' E R
+6.5 40. 465 -6.5 +0. 575
+7.0 +0. 550 -7.0 +0.672 QTS
+1.5 +0. 835 -7.5 +0.773 3
+8.0 +0.725 -8.0 +0. 882 :
+8.5 +0.823 -8.5 +1.012 ‘
+9.0 +0.930 -9.0 +1.120 :
+9.5 +1. 045 -9.5 +1. 248 3
. +10.0 +1.170 -10.0 +1, 372 1
+10.5 +1. 305 -10.5 +1.522 SRIRIEX I S
+11.0 +1.440 -11.0 +1.685 T 1
+11.5 +1.575 -11.5 +1. 840 ARRRSTEE BUNN
+12.0 +1.710 -12.0 +2.018 L :
+12.5 +1.840 -12.5 +2. 200 i
+13.0 +1.9875 -13.0 +2. 387
+13.5 +2.112 -13.5 +2. 595 S
+14.0 +2.245 -14.0 +2.805 s
+14.5 +2. 395 -14.5 +3.023 T ¥
+15.0 +2.540 ~-15.0 +3. 245 Al
+15.5 +2.705 -15.5 +3.472 R
+16.0 +2.870 -16.0 +3.700 i
+16.5 +3.045 -16.5 +3.942
+17.0 +3.235 -17.0 +4.21
+17.5 +3.428 . -17.5 +4. 475 1t
+18.0 +3.630 -18.0 +4. 745 i1
+18.5 +3. 845 -18.5 +5.037 AR
+19.0 +4.0865 ~-19.0 +5. 310
+19.58 +4.283 ~19.5 +5. 615 51
-20.0 +5. 960
-20.69 +6. 342
n
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parallel wires were determined for both perallel E field and perpendicular E field conditions, as
the diameter and spacing parameters were varied.

The susceptance values were transformed into cortesponding reflection coefficients (T7),
using the following relations:

1-Yg/Yo

1+YR/Yo "

Iry -

where YR/Y( is the normalized input adwiitance of the grid in free space. From an squivalent
circuit analogy, YR/Yo = 1 + jB/Yo.
By substitution, Equation 7 reduces o

(8)

2+iB/Yo

-iB/Yg l

The characteristics of " as a function of d/A and s/A can be determined by solving Equation
8, using the corresponding value of jB/Yg (obtained from Reference 4). The optimum parameters
were determined by first arbitrarily choosing a value for wire diameter (d). The spacing parameter
(2/)) was then determined as that value which would produce & susceptance value (jB/Yg) in the
otder of 5.0 when tiie wires are parsile] to the E field. This value was determined from iterative
Smith Chart technique which determined the Iax and Iiniq charactesistics as a function of wire
size and spacing. When this value of susceptance is achieved, the total losy can be mainmined
below 1 db. If the initial choice of d cannot produce the required susceptance value, a new wire
diameter is chosen, and the required spacing is determined.

The msjor factors which contributs to he total loss are:

(1) A reflection of the incident signal at che non-perfect transparent surface (ag).

(2) Transmission loss at the non-perfect reflecting surface (at).

The total loss can be expressed as

a(db) = ag + aT
a(db) = 10 log (%, ) + 10 log (1 =12, ) (1 - T2,))

min
=10 log [rmzin a- Fuzin) - ‘;?n)] ¢ 2
An approximate solution can be expressed as
adb) = 10 log [[2, (1 -T2)] (10)

where I"_ _ « reflectiou coefficient when witea are parallel to E field and

r

min ™ reflection coefficient when wires are perpendiculas to E field.

It should be noted that the above relations are valid when the nonperfect transprrent surface
shadows the entire reflector apertuce. If the percentage shadowed apertiue is teduced, a slight
reduction in reflection loss ("R) will be realized. In the same manner, if a portion of the reflec-
tion aperture is made to be a perfect reflector, the transmission loss (ar) will decrease propor-
tionally,

The paralle! wires of finite dismeter were selected for the design of the scale model grid
since they are essentially equivalent to scaled down parallel flat strips.

¢. Parallel Flat Metallic Conductors
: (1) Negligible Depth and Finite Width, The procedure for determinicg optimun width
(w) and spacing (s) parameters of parallel flat stip grids differs from that of the wire grid case
in that an initia] dimensional value is net chosen. fhe pacameters w and s are expressed in terms
of wavelengths.

Using the information of Reference 4, which relates jB/Y, to the parameters w/A and 8/A, and

Equatian 8, the comesponding reflection coeificient characteristics can be determined.
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The optimum combination of w and s was determined as the minimum w,/s ratio that produces
a parallel E field susceptance value (jB/Yo) iu the order of 5.0,

The corresponding values of I | and I ;= were determined and the total loss calculated, If
the total loss exceeded 1 db, variations of the w/s ratio were taken until the loss requirements
were satisfied. '

Using tha above criterin, the following optimum grid parameters were determined for an array
of parallel flac acrips:

Strip width (w) =~ 0.05 A

Center-to-ceater spacing (s) = 0,15,

At the design frequency of tbe full-scale Radoflector (fy = 1.25 gc), the corresponding wave-
length (A) is 9.45 inches and the dimensional parameters are

Suip width (w) = 0.47 inzh

Center-to-center spacing (s) = 1,42 inches.

The corresponding los ses are

Transmission loss at reflecting surface (ay) = 0,70 db

Reflection losa at transparent surface (ay) = 0.15 db

Total loss (a) = 0.85 db.

(2) Negligible Width and Finite Depth. Using the technique outlined in the prior dis-
cussion the following grid parameters were determined for a cormal array of parallel fins of negli-
gible width and finite depth:

Depth of conductor (d) = 0.25A

Center-to-cenrer spacing (s) = 0.38A

Thickness of conductor (t) < 0.01A,

At the design frequency of the full-scale Radoflector (fy = 1,25 gc), the dimensional param-
eters are . '

Depth of conductoe \d) = 2.36 inches

Center-to-center spacing (s) = 3.6 inches

Width of conductor (w) < ©.10 inch.

The correspondiag losses are :

Transmiasjon loss at reflecting surface (a) = 0.6 db

Reflection loes at transparent surface (ap) < 0.1 db

Total loss (a) < 0.7 db.

d. Toferamce Considerations. The results of scale-model Radoflector testa have shown
that ‘the reflecter surface tolernce is the most critical factor thac affects side lobe levels. The
following tolernnce limits have been established:

(1) Reflector Surface Cuatour Accuracy

Ap = 2 A/16

Ap = £ 0.60 inch at f5 = 1.25 gc.

NOTE: References 5 and 6 indicated that the surface contour accuracy
sbould be A/32 or £0.30 inch at 1.25 gc. After further consideratica and
aoalysis it is now believed thar the specified radiaticn requirements can .
be achieved with this lower tolerance limit of A/16,

(2) Feed Positioning Tolemnce

AF = £A/16
AF = £0.60 inch at f = 1.25 gc.

A thecretical noalynis was performed considering the tolerance effects of a pasallel fat serip
configuration. The analysis has shown that variszions of swip width (w) and' apacing (s) are more
critical under parallel E field conditions (reflecting grid) than vader perpendicular E field coadi-
tions (non-reflecting grid). When optimum w and o parameters are chosen, positive wideh tolerances
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(+Aw) and gegative spacing tolerances (~As) are not critical. Conversely, the negative width
tolerance (~Aw) and positive spacing tolerance (+As) ate critical.

Whea ~Aw = ~0,005A, the transmission loss (ap) will be increased by 0.25 db. When +As = Lo "
0.01A, the transmission loss (ay) will increase by 0.15.db. r o
. The following tolerances on flat strip width and spacing parametets were determined as
adequate:
Aw = +0.01A
. -H.005A : :
As = +0.01A & ‘
-0.02A
A theoretical tolerance analysis for the parallel wire grid case determined the ullowing }
tolerance limitations: ) i by
Ad = £0.01 )
As = +0.02)
-0.04A

e. Wave Guide Tests (Pavallel Wires), The reflectivity and transmissivity character- .
istics of parallel wire grids were experimentally determined for conditions of parallel E field and 3 ] )
perpendicular E field orientations, Two X band waveguide test piecey were fabricated to verify ' ]
the theocetically determined reflection characteristics of parallel wire grids. Using wire grid 3 RE
parameters (d = 0.01 inch, s = 0.13 inch) determined for the scale model Radoflector surface S B
(refer to Section 4, paragraph B), parallel E firld and perpendicular E field test samples were : '
fabricated (see Figure 14). Using a slotted line VSWR measutement technique, che sample was
inserred between the slotted line and a matched load. At the design frequeacy (fo = 9.08 gc), cor-
responding VSWR measurements were taken and transformed into eq ivalent reflection coefficients:

I" = (VSWR ~ 1)/(VSWR + 1). (11

The following test results were obtained:
Case 1. Wires Parallel to E Field

VSWR = 35

I" = 0.944
Power reflected = ['2 (100) = 89 percent ‘ (12)
Power wansmitted = (1 = I'?) (100) = 11 percent (13)

Transmission loss at reflecting surface (a) = 10 log (1 -y (4
= 0.5 db )

Case 2. Wires Perpendicular to E Field
VSWR = 1.85
1" = 0.298
Power reflected = I'2 (100) = 8.9 percent
Power trassmitted = (1 - I"2) (100) = 91.1 percent
. Reflectipn loss at transpareat surfece (ap) = 10 log I 2 2 0.4 db ) (15)

The éxperimentally dersrmined reflection loss value (ag) was found to be slightly greater than
the theoretical value. The discrepancy can be attributed to the fact that the guide wavelength
(A ) at the design frequency is greater than the cortesponding free space wavelength (A). The
o Ay /A = 1.4 at fo = 9.08 gc. The effective wire spacing in wavelength in the waveguide is
less than the corresponding value (3/A) in free space, resultiog in a greater reflectio coefficient
in the former cane. The result is an increased value of ag.
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t! Free Space Transmissivity Test (Parallel Wires). To determine the effect of the grid
support material efficiency and to further investigate the reflectivity characteristics of a parallel

" wire grid in free space, a transmissivity test was performed.
8 y F

The para.tel wire grid parameters for the scale model (Refer to Section 4, paragraph B) were
used in fabricating a test pane! of the following description:

(1) Size — 31 x 38 inches.

(2) Material — Dacron-Mylar laminate, the same material that was vrsed on the scale mode!

R“udoﬂcc:or structure (refer to Section 4, paragraph C-2).

(3) Wire Size ~ 0,010 (+0,002) inch.

(4) Wire Spacing (center-to-center) — 0.17 {+0.025, ~0.050) inch.

The gtid was mounted on a turntable, 18 inches in front of an X band horn. A sim:lar test
setup with'a smaller panel is shown in Figure 15. A stationary pickup horn, placed approximately
8 feet away in the anechoic chamber, was used to measure the uorizontal radiation pattern under
the following conditions:

(1) fo'id wire parallel to E field.

(2) Grid wire perpendicular to E field.

The gtid pancl was removed, and the radiation pattern of the horn alone was determined (see
Figures 16 and 17).

The a‘vetage power level between the limits ¢ and ¢, can be determined for each case by
graph®ally integrating the corresponding power pattern between the respective limits. Since the
power leve! of the transmitter was equal foc each power pattern, the following relation determines
the nmounti of power transmitted through the parallel wire grid test panel:

| b2 $2
i f P, (db)dgh j P (db)dp
Pr g, 31
=10 log = = -
i e %% $2-91 $2-9) s

where

o dTG = transmission loss of gtid
§I (100) = percentage of wansmitted power

Py(db) = radiation pattern of wransmitting horn as a function of ¢ (azimuth angle deter-
mined by transmitter horn axis and receiver horn axis)
P (db) = rac;iadon pattern of hom transmitting through the wire grid in proper orientation
an
@) and ¢, = limits of integration.

The percentage of reflection power can be expressed as

P P.
R . T
B, () = (1 -——po)(loo). (17)

The corresponding reflection loss of the grid can be expressed as
(%) a
ap=10logll = 5=+ (18;
RG po

This method of determining grid transmisrivity was necessary since the defraction effect of
the test panel could have been significant when the wires were parallel to the E field.
The free space tests showed the perallel wire grid to exhibit the following characteristics:
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Case 1. Grid Wires Parallel to E Field

leflected power = 90.0 percent

Transmitted power = (0.0 percent

Transmission loss at reflecting surface (ap) = 0.45 db
Case 2. Grid Wires Perpendicular to E Field
Tracsmitted power = 96 percent

Reflected power « 4 percent

Reflectior loss at wansparent surface (ag) = 0.2 db

The experimental results are in good agreement with the corresponding theoretically deter-
mined values for the scale model (refer to Section 4, paragraph B). The results showed that the
effect of the Dacron-Mylar support material was negligible.

g- Finalized (Full-Scale) Parameters. The finalized parameters and tolerances for the
full-scale Radoflector are as follows:

(1)
[+
3)
4
)
()]
o)
1G]
18]
(10)
(08 ))
. (12)
(13)
(14)

(13)

Center frequency = 1.25 gc

Frequency bund = 1,20 to 1.30 ge

Hotizontal radius of revolution = 34.35 feet (diameter = 68.70 feet)
Focal distance = 16.65 feet

Focal radius = 17.52 feet

Equivalent parabolic reflector dirmeter = 25.4 feet

F/D of raraholic reflector = 0.656

Botton edge of perabola from ground level (min) = 5.0 feet

Center of feed from ground (min) = 20.0 feet

Tolerance control of surface accuracy = $0.60 inch

Feed positioning tolerances = $0.60 inch

Paralle! flat strip grid center-to-center spacing = 1.42 (+0,10, -0.20) inches
Parallel flat conducting strip wid:h = 0.47 (+0.10, ~0.05) inch
Horn aperture (A) = 16.80 inches

Hom aperture (B) = 12.75 inches

Iluminaced reflector aperture (horizoatal) = 25.4 inches

Hluminaced reflector aperture (vertical) = 25.4 inches

C. infletable Structure Design

1. General

The principle of the post-attack aatenna system is based on using the surface of a radome as
an antenna reflector thut can be packaged and stowed in & hardened installation. Therefore, to
meet these requirements the Radoflector utilizes an ioflatable structure as the radome-reflector,
When inflated, the structure must expand to a shape wiich cootains both the azimuth and elevation
teflccioe contour over part of its surface. Figure 18 is an engineering dmwing that shows in de-
tajl the inflatable structure design. Figure 19 shows the inflatable structure geometry and contour.

2, Inflatable Structure Configuration

The zatenna reflector is formed by the walls of the inflatable structure which in turn are made
up of two functions generated about che vertical centerline. The upper part of the reflector is a
parabola, and the lower part is & fourth degree equation that is a tangent to the parabola.

The material used for tue inflarable structure muse finally be selected a. & result of a mate-
tials test program and a detailed stress analysis, taking into account extrexe operatiag and en-
vironmental conditions. The design shown in Figure 18 utilizes a Dacron-Myla¢ laminate selected
on the basis of a preliminary material investigation.

A Dacron-Mylar laminate has the advantage of providing sheai resistance in the plane of the
fabeic with a single ply of faoric. If a Dacron cloth with a neoprene or other elastomer wers to be
used, two plies of fabric wonld be needed to provide shear resistance. The Dacron-Neoprene
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fabric is easier to seam; howevey, it presently appears that recent improvements in Dacron-Mylar
laminate seaming techniques offer this materinl as a good potential candidate which may show
better dimensional stability characteristics.

A material that looks very promising for use as the antenna rxflector is an rf reflective paint
that reflects better than 95 percent of the incideat rf energy while still maintaining very good .~
flexibility and folding characteristics. The reflective paint would be put eithes oa the inf'atable
surface directly or onto a separate entity. Aluminum foil-Mylar laminate ax well as beaided wire
metal impragnated cloth and metalized film-cloths will also be investigated further as candidate
materials for the optimum reflective surface.

Since the ref’zcted beam of f energy only passes through the upper portion cof the opposite
side of the antenna and since a solid reflector is more easily fabricated than the strip reflector,
the lower part of the reflector is desigaed to utilize solid reflective material,

The inflatable structure is supported at the base by a catenary curtain that is attached to che
open doors of the hardened site concrete enclosure. The diameter of the base support catenary
system has been determined by the of requirement of maintaining the antenun reflector at least
five feet above the support base. This support catenary must hold the inflatable structure accu-
rately; for this reason some adjustment of the support catenary will be provided. The catenary
adjustment will be made only during the initial installatica of the anteana ca site and will not
require adjustment as part of the erection aperation. |

A system of guy wires artached to the upper portion of the inflatable structure and extending
downward at a 45-degree angle to the ground is utilized for support. is guy system is utilized
to maintain dimensional tolerance of the inflatable structure during norrgai operating conditions
and to peovide additional support under \he maximum survival environmental condition of a 125-mph
wind loading o a combination conditicn of 75-mph plus two inches of ice. A catenary curtain is
utilized to distribute the guy cable loads svenly into the inflatable structure.

In the stowed position, the guy cables are located in trenches that are lined with ablative
material and sealed agsinst water accumulation. The guy cables are deployed sutomatically by
the inflatable structure, which pulls the cables into position as it is inflated. The guy cables and
their protection during the stowed conditioa are discussed in paragmph D-2 of this section.

The inflatable structure peessurization system consists of a high capacity blower system used
to initially fill the antenna to a pressure of sbout four inches of warer ead a high-pressure bottle
system for rapidly “topping off” to a pressure of approximately 12 inches of water, This preassure
system will also be discussed in paragraph D-2 of this section.

3. Inflaecable Structure Fabrication

The influtable structure is formed by a number of preformed gores that are seamed together to
fabeicate the oblate spheroid. In the design shown in Figure 18, 48 gotzs make up the structure,

In ordet to simplify the tooling that is used for preforming the gores, $ach gore will be pre-
formed in two segments. One segment will cover the anteana reflecror area, and the second will
be the upper one closing off the top of the inflatable structure, This selection of gore segments
will allow the circumferential seam to be in the arer above the aatenna reflector and »ill therefore
preclude any of pattern degradations that could occur due to the seam. '

To preform the Dacron-Mylar laminate, the fabeic will be placed on and clamped to a preform-
ing tool. Then by evacuating the air pressure berween the tool and thelfubric, the fabric is formed
to the contour of the tool. The tool and the fabric are then heated in an oven and cured. During
this heat cycle, the Mylar and Dacron laminace is permanently formed to the contour of the mold.

The gores are seamed together with a heat sealing tape, The two adjacent edges ot the gores
are pretensioned on the mold prior to heat sealing, The fabric is held ia this position, and with
the use of preformed butt splice tapes the seam is tack-welded to help hold its position, boaded
tigintly wich & warm iton, and finslly bonded with a hot iren. This procedure has been urilized to
develop a good seam without wrinkling o local defcrmation.

4. Struceural Considerations )

8. Radoflector Structural Analysis. For the purpose of a preliminary analysis, the in-
flacable structure ir considered to be a tuncated spherical shell as shown in Figure 20,
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(1) Loading. The loadings that the Radoflector will be subjected to are

1. Survival
(a) Maximum wind velocity of 125 wph
(b) Wind velocity of 75 mph plus 2 inches of ice

2. Operating
(a) Wind velocity of 50 mph, full performance
(b} Wind velocity of 75 mph, reduced performance

The Radoflector structural geometry is shown in Figure 20. The lift, drag, and overtuming
monient may be written in the following form:

L acynq R;
D = cpyrq R
3
M=2cynq R
where
cLs cps #and ¢y are lift, drag, and moment coefficieats
q = stagnation pressure
and

R = radius of the sphere.

For the given geometry of the Radoflectoc and at supercritical Reynold’s numbers, the coef-
ficients are approximacely

€ =053
¢p « 0.48 > (Reference 7)
cy=0.18

The impact pressuces for velocities to be considered are as follows at sea level and standard
atmosphere conditions:

at 50 mph, q = 6.4 psf
at 75 mph, q = 14.4 psf
at 125 mph, q ~ 40.0 psf

(2) Wind Load Distribution. The peessure distribution over the Radoflector sucface
usually can be approximated with sufficient accuracy by the following fuaction of the “longitude®
8 and the complementary angle ¢ of the lativude (see Figure 20).

P/q=A + B sin ¢ cos 0 ~ C(1-2 sin? { cos? 6). 9

Integration of the pressure ia X snd Z direction yields the pressure drag and the lift in the
foem of

L = -AwqR? sin? ¥ + Cmq R? #in? ¢ 5(1-0.3 sin4p) . (20
D, = B J aR? [cos ¥p (cos? ¥ - 3) + 2]. @1
A third equation for determination of the unknown coefficients A, B, and C is

A+B+Cal.0, {22)

Equation 22 follows from the fact that p = q at the stagnation point (6 = 0, ¢/ = n/2), Solving
Equations simultaneously for o truncation eagle Y5 = 125 degrees yields
A = -0,222
B = 0.367
C=0.835.
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(3) Stress Distribution due to Wind Loads. The membeane stresses N (ia meridional
direction), Ny (in direciion of the horizontal paraliel circles), and Ny, (associatzd shear stresscs)
are determined by solving the three differencial equations that expeess equilibrium of any shell
element in the radial, meridional, and circumferential direction for each of the three components of
the wind load function, Equation 19 (References 8 and 9). However, the comparatively rigid re-
straint of the shell at the lower edge produces additional redundant reactions whose effect upon
the stress disteibution also is taken into accouat.

Table 6 gives a résumé of the sueases at any point of the Radoflector in general form. Table
6 also includes the stress relations for inflation pressure, weight proper, and ice load.

The principzl stresses at any point of the shell now can be determined for any combination of
wind load, weight proper, and ice load, using 'fohr's equations. The inflation pressure is selected
so that the inflation stresses P (R/2) are greater than the absolute value of the minimum principal
struss (compression stress) at any point of the shell to prevent weinkling.

There are thres areas in which maxima and minima of the merbrane swesses may occur: (1) at
and near the apex, (2) at and below forward and rear stagoation point, and (3) along the base ring.
These areas are investigated to obtain maximum and minimum membrane stresses.

{4) Effect of Guy Wires. In Refereace 8, a deflection analysis is presented which
yields three compoaents of the deflection at any point of the free Radoflector for all pertineat load
conditions (wind load, weight proper, ice load, and inflation pressure) to be analyzed. The effect
of the redundant reactions of the guy wires is taken into account by utilizing this theory. The
cables are atmached tangentially to the Radoflector by means of catenary curtains in order that
concentrated loads oa the fabric are avoided. For determining the redundant cable loads due to
wind loading, it is convenient to treat the thres wind components A, B, and C separately.

The A component poses no problem since n cables take equal loads. Thus, in effect, only
one redundant magnitude is involved. The B compeneant, integrated over the entire Radoflector
surface, gives the pressure drag D, (see Equation 21). Assuming the cables take a portion, D, of
the total drag out cf the Radoflector, while the balance still must be eansmitted through the Rado-
flector itself to the base support, it can be shown that the (oad in the cable facing the wind direc-
tion due to drag D sioae is

Tg = (2D_)/(n cos a) (see Figure 21) (40)
and the load in any of the other cables is
Tg= Ty cos 8 (41)

provided that all cables are sufficiently pretznsioced and none slackens. The function of the
catenary curtain is to transform the concenmated cable loads into a continuous loading that acts
tangentially to the Radoflector around the purallel circle of radivs r = R cos a and very closely
follows the law '

2D
<
Ny = [‘ fr.“;r(z—)] (cos &) “»
where N% = the loading in the fabeic due to cable tension.

The stresses at aoy point (U, 8) of the Radoflector due to the loadiag N,“.,c are in the merid-
iooz! direction

D,
N, - (_ _g)(_______,__‘ L cos a cos “') (cos ). “43)
4 cos a sin’
In the directica of the parallel citcle | = constant
Ng = . (44)
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TABLE 6.
Membrane Scuesses

e T e
LOADING STRESSES (1b/1t) EQUATION .
(1) Wind Load
A Component Nd‘ =Ng = -0.5 AqR (23) .
Ngy =0 (24)
R
B Componer* Ny = -Bq—-;—- %ﬂ (2-3cosy+ cossil') (25)
‘ sin
R
Ny = E%— -E‘%%(z cosy - 3ein? ¥ - 2cosdy) | (26)
BqR sin 6 3
N = - — (2 - 3cos cos 27
oy 3 sindy v+ ¥) ()]
C Component NU’ = C-q;i [2 - (coaz'o Y2 ainzw )] (28)
Ng =CLX Geos?y - 1) cosl (29)
New = Cg—z5 (cos ¢ 8in20) (30)
+ co8 wB 2
From Redundant NW =2 cog 28] ——— ~——= (31) ¢
Reactions at 1+cosy
Bese
Ne = 'Nw (32) _
1+cosy 2
Ngy =-asin20 <— B) (33)
’ 1+cos¢
B‘nz ‘JB
where a = 3CqR —_— (34)
8 - (1+ cos ¥g)
(2) Inflation Ny =Ng = 0.5 PR {35)
Pressure(Py) Nyg =0 (38)
(3) Weight P N Riw + w) (37)
eight Proper VT
(w, lb/ftz) and 1+cosy
Uniform Ice 1 .
Load {wy) Ng = Riw + wi) m -cos y (38)

NOTE: Effect of guy wires not included.
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The shear stresses are
D e
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Considering D_ the statically redundant magnitude, its acrual value will be determined by
establishing compatibility between the Radoflector deflections in X and Z direction at point (i =
a, 6 « 0), with the stre’s of the cable that faces the wind direciden. The reduction of the n-fold
redundancy (from o cables) to but one redundant magaimude (D)) i= msde possible by Equations 40
and 41. These in tum follow from the folicwing facts:

(1) Vhen the Radoflector is loaded either by 5 component of the wind load or by the Ny
forces defined by Equation 42, or both siuulmneously, the attachmeat circle ¢/ = a as
well as any other paralle] circle ¥ = constant remains plane and circular,

(2) The radius of any parallel circle remains unchruged.

(3) All points of the meridian 0 = 4n/2 experienc '=flections in X direction enly.

(4) All points of any parallel cizcle esperience equal deflections in X direction.

(5) The plane of each prrallel circle rotates about an axis that is parallel to the Y axis and
is situsted in the plane of the paralle]l (Reference 8).

The C component of the wind loading can be trerced in a similar fashioa. It can be shown

that the cable Joads due to tke C component of the wind must be in the form of

T=T' +T"cos20. (46)

By means of this relationship, the n-fold redundancy ia in effect reduced to a two-fold redun-
dancy, represented by the two unknown constants T’ snd T” in Equation 46, These unknowas can
be found from two equations of compatibility of cable strains and Radoflector deflections at the
two attachment points (t/ = a, § = 0) and

W =~a, 9=r/2)




(5) Preliminary Numerical Resulis
(a) Wind Load of 125 mph. The maximum principal tensile stress occurs at the
base ting and is equal to approximstely
lex (wiad) ™ 1430 1b/fe.®
The minimum principal stress is « compressive stress and is equal to approximately

Npin (wind) = ~1080 1b/k.*

1f incipient wrinkling is permitted for the 125-mph survival condition, the minimum inflation
pressure, Py is defined by
PR
.—;_ + Nnin =0, “n

resulting in

Py = 63 psf
P, = 12.1 in. of H,0.

The maximum principal tensile stress then is approximately

PR

max {wind) * 2

N =N

mWAx
N_,, = 2510 Ib/fe

(b) Wind Load of 75 MPH Plus Ice Load (2 Inckes) Plus Weight Proper. The max-
imum peincipal tensile stress occurs at the base ring and is equal to approximately

Noax (wind) = 1413 16/f0.°

The minimum peincipal siress is a compressive stress and is equal to approximately
Nain (wind) = —990 Ib/fe."
The required gage pressure to prevent wrinkling is

Py = 57.5 psf
Py 111 in. Hy0.

The maximum toral peincipal srress is approximately

Npoy = 2405 Ib/f,

(c) Tension in the Guy Cable. To determine the effect of the guy wizc system
upon the membrane stresses, a compatibility condition which involves the strain in the cable and
the deflection of the radome was utilized, It was assumed that a radial deflection of the Rado-
flector hus no effect on the tension in the cable. The compatibility coodition determines the ten-
sion in the cable, and for & survival wind loading of 125 mph, che maximum tension in the cable is
approximately T (max) = 12,000 pound. ’

This tens.on is a result of a fabic stiffoess (E;) of 2,000 b/in. and a cable stiff~~sx (EA)
of 3.2 x 10° 1b. The cable stiffness corresponds to approximately & 1/2-inch dismeter ateel cable.

(d) Strength of Material and Factors of Safety. In selecting a fabric of proper
strength, it should be remembered that the term “safety factor® does noe apply to fabric structures
in the same sense as to conventional metal structure«, All fabrice of organic (astural or syathetic)

*For both Noas (wiad) acd N (wiad) the guy cable effect is included but inflation stresses are not.
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origin are subjected to creep when unde: load. They will fail in creep rupture if the stress is
above a certain critical level. Thz relation becween creep ruprure stress (Fep), quick-breaking
strength (FQ), and time-to-fail is given by an approximate empirical equation of the form
|
Fer

Fg!
|

where : %

t
=Ky ~ K, logt? = (48)

|
- K, and K, are constants that depend on the material, kind of weave, etc.
t (days) is the time to failure |
r is the unit of time (1 day).

For example, load-time tests conducted at room temperature on a two-ply Dacron-Neoprene
fabric with Fy = 237 Ib/in. yielded 1

| K, = 0.8498
| K, =0.0322,

I

Other factors to be considered are dfetcriontion of the fabric wuterial due to weathering, ra-
: diation, and heat. Based on past experience with fabric stuctures of many kinds, a “safety
factee® of approximately 3 is considered sufficient for survival conditions.
Using a fabric with Fy = 650 1b/in. ~ 7800 Ib/ft results in the following safety factors:

. 7800 ’
. | i at 125-mph wind, SF = 7500 ™ 3.11}
‘ . . . . 7800
at 75-mph wind plus 2 inches of ice and weight proper, SF = 7405 ~ 3.24.

b. Preliminary Deflection Analysis. In the analysia to determine the effect of che guy
. wire system on the Radoflector, expressivns for the deflections of the combined aystem were de-
veloped for.y » a and @ = 0, #/2 (see Figure 2N). These exptessions are evaluated at ) w a and
0 = 0. The magnitude of the mdial and tangeatial deflections at this point for a fabeic stiffness
of 2000 1b/in. and 4000 1b/in. have been investigated on a preliminary basis and have been con-
. sidered in the design. A thorough deflection analysis, bowever, must be conduct=d to determine
' the maximum deflection in the reflector area for the operating loads stated in Reference 8.

The inflstable strucrure was given the major consideration in the bardened emergency antenna
system; however, some structural design emphasis was also given te the feed hom support since
it was indicated that the design may have deflection problems.

The loeds that the feed support structure is subjected to are the gravitational force plus the
centrifugal force due to en angular veiocity of 6.1 rpm. The acceleration defiections were con-

4 sidered negligible since the system need not be operating during the feed horn acceleration.

For the deflection analysis, the structure was considered to be a curved beam. A aerain-
energy solution wes utilized, and for the loading condition defined above, the mazimum radial and
tungeatinl deflections at the focal poiat are approximately

. 8, = 0.2 in.
[ 8' = 0.4 in.

These magnitudes are within the sllowable deflections. -

5. Material Test Program

a. General. This section preaents a material development and qualificatica test program

directed toward the selection and qualification of a material and seam constructicn for the full-
scale inflatable structure. '

The base material must be selecied primarily according to the external loads acting upon the
Radoflector. Tue seizciion of the most practical methad of attaching the reflecting elemants on
the inflatable structure ic & secondary consideracioc.
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Eased on the prelimirary stress analysis of the proposed Radoflector, a materia! breaking
strength of approximarziy 600 to 650 1b/in. is indicated to prevent structure deformation due to
external loads.

Environmental testing will be conducted on the basic material. Samples of the material will
be subjected to the temperature and humidity conditions specified in the geneml requirements of -
Reference 6. Past experience in utilizing coated fabrics in airship envelope constructioa has
demonstrated very lixtle deterioration in a salt atmosphere.

In consideration of the environmental and functioral requirements of the full-scale antenna
system, Dacron-Mylar or Dacron-Tedlar laminates have been tentatively selected as materials
best meeting the requirements for a structural material that is flexible, packageable, inflatable,
and dimensionally statle. However, a material selection test program was beyond the scope of
this contract, and it should be pointed out that these laminate materials and seam coastruction
with these materials have not been tested at stress levels of the magnituue required for the full-
scale design. Testing and further evaluation will be required to select the most suitable material.

Such testing may show that other materials such as two-ply Dacron cloth with Neoprene or Hypaloa
elastomers are more desirable from a atandpoint of meeting the uniaxial and biaxial strength and
seam strength requirements.

b. Centour Stability. Due to the requirement for a high degree of dimensjonal seability in
the Radoflector, a flexible material exhibiting high initial modulus (resistance to initial seretch)
is required. To provide an indication of efficiencies of finished woven cloths, yarn data has been
plotted to show stress-strain relationship of nylon, Dacron, and cotton yarn (see Figure 22). These
plots indicate that the initial modulus of Dacron yaiu is high when compared with that of other
textile fibers.

As a result of past experience and the yarn survey, Dacron was selected as the most prom-
ising basic fiber for cloth in the inflamble structure construction. As to the cloth weave, the -

- system of interlacing lengthwise warp yarns with crosswise filling yams, a 2 ¢ 2 basket weave
(two yarns in both warp and filling woven as one) with low-twist filament yarns has been found to
give the best adhesion and tear resistance, .

¢. Maierial Development. During the past two years, GAC has daveloped a new lighe-
weight polyester film cloth laminate. This material is currently being used on a dynamic life
balloon program. The laminate cnnsists of one ply of Dacroa cleth laminated to Mylar film with
an adhesive. In addition, the laminate has & polyurethane coating applied to the cloth side. Work -
on this particular laminate mucerial has provided useful data and experience; however, this partic-
ular material is not adequate from a sirength standpoint for the Radnfleztor. A test and evalua-
tion peogram will be required to select a suitable materinl, This program will include a selection
of the best candidate materials based on an evaluatica of cuerent material dara, These materials
will then be evaluated by typical developmental tests to decermine their capability of meeting
basic strength and elongation requirements, Seam techaiques will be developed aad tested to as-
sure strength compatibility with the basic material. Final material selection will be made based
on the above tests.

d. Qualification Test Program. Qualification type material testing will be conaucted on
the selected material In accordance with ASTM, Federal or Goodyear specifications, which outline
st'ndard textile test methods for evaluating the effects of stress-strain under the application of
both uniaxial and bisxial loads, permeability, flexing, weathering, and temperature extrewes on
the material properties. A method using slotted waveguide techniques will bz used to measure of
reflectivity and transmissivity. The type and quantity of material tests are summarized in Table 7,

D. Rodoflector Hardened Antenna System Installation

1. Geneml

A preliminary approach to a Radoflector hardened installation is shown in Figure 23. This is
one type of hardenad site that can be designed to withstand the overpressurization and thermal
radiation of large-yield nuclear weapoas at various distances from ground zero, depending on the
specific requirements of a particular hardened system, The design approech taken hete is to
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indicate a feasible engineering concept with the underseanding that a considerable amcunt of addi-
ticnal effort is required to produce a desirable operating syatem.

The Radoflector hardened installation consists of a reinforced concrete enclosure that coxn-
tains the Radoflector, an air pressucization system, a retractable feed horn, and an azimuth drive
assembly.

The particular antenna hardened system is best described with reference to an artist’s sketch.
Figure 24 shows the antesa system in the stowed position. The pie-shaped door coafiguration
used in this particular concepe i stown together with the debris trench that ¢ncircles the closed
doors. Also showan are the guy cuble treachea, which are sealed to preclude any water or ice ac-
cumulscion. In this stowed position, th- exposed surfaces are coated with ablative material for
protection againat the thermal radistion ..t would be emitted from a nuclear explosion.

Figure 25 shows the antenna system in the operating position. The antenna system can be
erected into the operating position in no more than 15 minutes and possibly as little as 3 minutes.
Upon initiation of the system, hydruulic actuatocs open the coacrete enciosure doors and raise the

the initial air pressure to be evealy distributed into the deflated envelope. A high capacity air
blower then prescurizes the inflatable str v~ to about 4 inches of water and a high pressure
bottle system will “top-off” the pressure to cbout 12 inches of water. As the inflatable structure
is inflated, it automatically pulls the guy .1bl=s out of their trenches and into their srec2ed posi-
tion, Once the Radoflector takes its shape, the feed horn and ita support are rotated into the
operating position. The antenna is then ready for operation.

Pigure 24. D:doflectar Hardoned Antenna Installetion (Stowed Configuration)
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Figure 25. Radoflector Hardened Antennc Installation (Operating Confiyuration)

2. Hardercd Enclosure :

The deflated Radoflector is enclosed in a rcinforced concrete enclosure. Included as integral
parts of the enclosure are the enclosure doors, debris pit, inflatable structure container, azimuth
drive support structure, air lock compartment, and the entrance apron.

The enclesure itself is constructed of reinforced concrete so that it may withstand the shock
of a nuclear blast. A linear displacement due to this shock will not affect the performance of the
antenna system unless pcwer connections are severed. A rotaticnal dispiacement of the system
will alter operating performance.

As a final design objective the hardened antenna system will be designed to withstard an
incident overpressure of approximately 300 psi. At these overpressure conditions, the thermal
and initial radiation effects can be inlerated. Also, ac the distances associated with the 300-psi
overpressure, ground displacement would not present a serious nroblem. Some shock mourn:ing of
equipment would be required to protect the equipment from ground shock accelerations.

The enclosure doors provide three functions. When closed, the doors protect the conicnts of
the enclosure cavity from being damaged by external forces. Additionally, as the doors open, they
mouve any debeis deposited by an explosion into the debeis pit. When fully opened, an eyelet on
each door innerface could provide an anchor point for cables attached to the inflatable siructuce
catenary curtain.

Over-all, each enclosure door is approximately 14.75 feet long, 5.25 feet wide, 2 feet thick,
and is estimated ro weigh between 15,000 and 20,000 pouads. Eleven of the doors are identical,
as described above. The twelfth doot, located adjacently to the entrance apeon, is different only
in that it has an elliptical cap at the pointed end which closes the opening at the center of the
doors. This causes the twelfth door to be approximately one foot longer than the remaining 11
doors.
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The actuatars used to operate the doors are an oversized version of & conventional rotary
hydraulic actustor. Hydraulic fluid supply and return lines are connected to fittings on one end of
the fixed shafe. Drilled openings in the shaft direct hydraulic fluid into and away from the two
faces of the piston. The lines serve alternacely s supply und return Lnes. As a deor is raised
(opeaing or closing), rte of motion is governed by the supply of fluid from che constant-speed,
geat-type pump. Similarly, after the door passes over center and is free-falling, movement is still
governed by the constant-speed pump because the fluid flow from the return side of the piston is
resteicted by the pump. Thus the enclosure doora move at essentially the same rate when mising
ot luwering. The door containing the elliptical cap (twelfth door) is controlled to always open
first ard close lase. .

A debris trench encircles the enclosure doors when «losed and is used to prevent debris from
jamming the dvoes when opening.

The inflatable structure storage area as indicated in Figure 23 is located around the feed
hoen rotary platform and the center platform support. A packaging factor of 10:1 volume ratio has
been utilized as a first approximation for three reasons:

(1) An inflatable spheroid is **#ficult to package in = minimum volume.

(2) The available packaging v. .ume is obstructed by the feed horn rotary platform.

(3) A minimum amount of reflector folding 1s desirable to prevent any degradation of the

antenna reflectar surface.

The detailed proceduce for folding the inflatable structure and placing it in the receptacle
must still be determined. A procedure must be generated that will assure that the inflatable struc-
ture will unfold quickly and easily as it is inflated, keeping the guy system, catenary support sys-
tem, acd air seal intact and properly otientated,

Ar air lock compartment prevides ingress and egress to the concrete enclosure. The compart-
ment is shown to be approximately 3.75 feet in dizmeter and 6 feet high at the highest poiat (cen-
ter), and facilitates entering the enclosure when the Radoflector is inflated.

3. Radoflector Pressurization System

The Radoflector pressurization system in this particular design concept is composed of a
high-capacity blower system, high-peessure storage bottles, and a pressure maintenance unit.

The high-capacity blower system that has been selerted has a capacity of upproximately
45,000 cfm against a static ptessure of 4 inches of water. This blower capacity will inflace the
antenna in less than four minutes.

To top off the preasure, storage bottles pressurized to 300¢ psi will be used to bring the
antenna system up to its operating pressure of 12.1 inches of ww.er. This increase in pressure
will mke place in approximately one minute, which makes the total antenna erection time approxi-
mately a five-minute operation with the assumption that the door opening and feed hom erection
can be accomplished during the peessurization cycle.

The specific design concept inciudes a small compreasor unit and azsociated controls for
maintaining constant peessure during operation. This syscem will include a telescoping inlet
tube to raise it above debris. :

4. Feed Homn Erection Mechsniam

The feed hoen is erected by a unique actuating system. This system includes a drive motor,
magnoetic cluech, grar box, shaft, and drive gear.

The feed bom with its waveguide and support structure fona an arc approximately 43 feet
long, 1.5 feet wide, and 10 inches thick. This feed hom arc has a radius of 19 feet. The feed
horn suppurt structure has 3 tow of gersr-like teeth running nearly the full Jzagth =f ihe unit; the
teeth are mounted on one side of the unit. The teeth mate with a drive gens, which is in tum
driven by the feed horn drive motor.

The drive gear, when zciuated, rotates the feed horn and its support structure on a system of
tollets from jts stowed position in the concrete enclosice to its operating position. The feed horn
structuze at the end of its travel in fixed into position by wedge-like blocks that are mounted on
the feed horn and engage the rollers at the fully extended position,
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A waveguide discoanecting joine is located at the base of the feed hom structure. This joint
is connected and disconnected from the rotary joint waveguide auromatically as part of the feed
ko erection. The two wiveguide mating surface are flanged, baving alignment pins to assure
proper mating. The drive mechanism is designed so that the flanges are held together with auf-
ficient pressure to prevent of energy leakage. In addition, the ends of the waveguides are sealed
with a thin film of plastic to keep our dirt and moisture whea the feed hom is retracted.

The feed hormn actuating system drive motot is mounted on the enclosure cavity wall, The
motor is situated so that the clutch plate, mounted co the motor shaft, is oppouite the clutch plate -
on the feed born gear box assembly.

A magnetic clvich couples the feed horn actuator deive motor to the feed horn actuator gear
box. The magnetic clutch, after actuating the feed horn, slipa when the feed hor is fully ex-
tended. This feature assures that the feed hom will be run against the stops. The geur Lox is
designed to bold the feed horn in this fully extended position.

5. Feed Hom Azimuth Drive System

A rotary platfarm is utilized to peovide azimuth drive for the antenna feed horn. The feed
structure is mounted on the rotary platform, sud the rotary platform is supported by a center sup-
port shafe.

The waveguide rotuty joint is a conveaticaal-type mounted oa the center shaft and intercon-
necting the stationary rf lines in the center shaft to the rotating feed horn, [t should be noted that
only ane rotary joint is required because of the unique design of this antenna system.

An electric motor is movnted oa the center shaft and serves as the feed hom azimuth drive
motor. A dual helical gear mounted oo the aovor shaft engrges a mating set of gears mounted oo
the inner surface of the roeating assembly, mechanically linking the drive motor to the rotating
assembly. Use of dual helical gears assuces smootb operation with a minimum of gear bncklasb.

6. Concept Review by Hardened Enclonure Consulranta

A preliminary review of the GAC bardened enclosure design has been made by Parsons-Jurden
Corporatioa, 26 Brosdway, New York 4, N. Y. Parsocos-Jusden Corporation aad ita pasent organi-
zation, The Ralph M. Parsons Company, have had extensive experieace in the develapment and
the detailed design of hardened facilities to withstand the full range of nuclear weapons effects.
Concepe development, final design, and conamruction have been performed by them on such projects
as Minuteman, Titan, and Nike-Zeus, as well as on other classified projects. Special areas of in- «
vestigation included ground shock response cherncteristics of various sites, coaceptual studies
for communications sod weapcas facilities located in a wariety of soil enviroaments, analysis and
design of linear and non-linear sbock jsolation devices to attenuvate hish 2cccierations to tolerable
levels, snd che development of tet progmmse to prove ck: suimability of facility components.

Based on chis experience the review by Tursons-Jurden Corporation in in agreement with GAC's
opinion that a bardened Radoflector installation can be designed es withstand s nuclear blase en-
virooment <f 300-pai averpressure.

The following peeliminary recommeadaticas bave already been made by Parscas-Jurden Corpo-
eation afrer & cursory review of the bardered concept describegd in chis report:

(1) Certaio basic equipments require shock mounting against the devasmacing effects of the
ground shock. Rattle space up to appeoximately one foot around shock-mouated equipment
must be incorporated.

(2) Consideration must bo given to the protection of internal components againat the electeo-
oagaetic pulse generated by the nuclear blase.

(3) A single-slab-type door which would roll in or out ca macks might be more feasiile than
the "orange peel®-type doors presently shown in GAC's concept (Figure 23), With the
single-slab door the doce thickness could be reduced and pressure scaliag would be sim-
plified. To satisfy the need of 2 base suppart for the Radoflectoe, various designs such
as an sdditicaal internul set >f doors o an internal concrete collar for the Radoflecior .
base support could be considered.
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4. SCALE MODEL

A. General

A scale model of the Radoflector was designed, fabricated, and tested for the purpo-e of com~
paring the antenna pattern characreristica at scaled frequencies with the specified deaign goal
perfoemance parameters. The scale wodel was designed to duplicate, »s cloaely as possible, the
full-scale Radoflector irflutable structure configuratioa and shape, reflective surface, and feed
system since these items are of prime importance in determining the electrical perfrrmance. The
guy wire arrangement was duplicated to simulate their effect on entenoa patterns. [t was not in-
tended thut the acsle model should demonstrate other mechanical features such as hardeaed site
storage of operatioos! deployment; therefoce, no attempt was made to duplicate these features.
The balance of the mechanical and structural design was limited to thit sufficient to support the
Radofleceor for pattern tese purposes. The original intent was to utilize a oae-tenth scale model;
however, in the interest of economy it was decided to utilize an existing eight-foot diameter hem-
ispherical wood form block s the base oa which to build up a cortour tool for fabricating the in- -
flatab.e structure. To utilize this existing fotm block, the size of the model was increased to a
scale factor of 1/7.234 or 0.1377.

B. Rf Design

The full-scale contour was escablished as explained in Sectioa 3, paragraph B-5-a. The
scale model reflector shape was scaled lown by the 0.1377 scale factor from the shape inirially
established for the full-scale Radoflector. The parameters of the scale model Radoflector com-
pared with the full-scale pucameters, adjusted as a result of the universul dish tests, are given in
Table 8.

A cbange in foca! distance from 27.6 to 28.0 inches resulted from the universal dish tests
(refer o Section 3, paragraph B-5-b). The new focal distance determined a new optimum spherical

" radius (R) for minimum phase deviatica. From the equations of Sectioa 3, paragraph B-2, the cot-
rected value for the scale model is R = 4.9 feet,

The original radius value (R = 4.75 feet), however, when used with the new focal dunenuou
(f = 28.0 inches), results in a phase devistion tactor which still remains lesa than A/16. For this
resasoq, the original radius value of 4.75 feet was not changed,

A selecticn of parallel wires of finite disineter for the reflective surface was made for the
scale mode]. Vires were selected as the parallel conductors to facilitate fabrication so that a
filament winding technique of applying the wires to the inflatable material could be used.

From the theoretical considerations of Section 3, paragraph B-6-b, the corresponding losses
with & wire diamerer of 0.010 (£.002) inch and a wire spacing of 0.13 (+0.025, —0.50) inch are as
follows:

Transmissica loss st reflecting surface (ay) = 0.6 db.

Reflection loss at transparent surface (ag) < 0.1 db.

Total loss (a) < 0.7 db.

The theoretical losses are in good ugreement with the experimentally determined loases of Section
3, pazagraph B-6-f).

To determine the toleracce of the wire diameter and spacing, utilization of the relationshipe
given in Section 3, paragtaph B-G-d yields the following:

Ad (wire diameter tolerance) «» £0.002 inch.

As (wire spacing tolerance) =40.025 inch, ~0.030 inch.

C. infletable Structyre Design

1. Conteur

The shape of the izflatable Radoflector was developed as s body of revoluticn utilizing the
renormalized cocrdinates shown in Table 5 with the X axis depressed 11 degrees. This contour ia
extended for 6 inches at the top and bottom of the reflector section with the same curvature to pre~
clude any distestion doe to change of the radius of curvature. The top is closed off by a mdine
taagent to the pambola extznsion. The tangent radius at the bottom is continued to the base
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TABLE 8.
Parameter Comparison Scale Model versus Full-Scale Radoflector

DESIGN PARAMETER SCALE MODEL FULL SCALE
Center Frequency 9.08 go 1.25 ge

Frequency Range 8.72 to 9. 44 gce 1.20 to 1. 30 gc
Horizontal Tadius

of Revolution (at

Maximum Diameter) 56.7 inches 34. 35 feet

Focal Distance 28 inches 16. 65 feet

Focal Radius 28.4 inches 17.52 feet

Equivalent Para-

bolic Reflector

Diameter 42 inches - 25.4 feet

F/D Ratio 0. 656 0. 656

Distance from

Bottom Edge of

Reflector to 5 feet

Cround Plane 6 inches {minimum)

Distance from

Center of Feed to 20 feet

Ground Plane 28.8 inches {minimum)

10-DB Reamwidth

of Primary Feed

Horn 82 degrees 73 degrees

Feed Horn Aperture A =2.12 inches A =16.80 inches

B =1.51 inches B = 12.75 inches
IHluminated Reflector Horizontal - 42 inches Horizontal - 25. 4 feet
Aperture Vertical - 40. 25 inches Vertical - 25. 4 feet
Conductor Size . Diameter = 0, 010(x0.002) Width = 0.47 (+0. 10, -0.05).
inch inch

Corductor Spacing

(Center-to-Center) 0. 130(+0. 025, -0.05¢ " ch 1. 42(.0. 10, -0. 20)inches
Tolerance Control

of Surface +0.081 inch 10. 60 inch

Angle of Depresstion

of Electricai Axis

of Vertical Reflector

Contour (with Res-

pect to Center of

Revolution) 9 degrees 9 degrees
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attachment point. The vertical axis of revolution is establishzd to provide the horizontal curva-
ture required to obtain the proper horizontal sperture. Figure 26 shows the contour geometry for
the Radoflector fabrication tool. All otdinates and dimensions shown are reduced by one percent
from the desired Radoflector inflated shape to allow for.elongation at operating pressure.
. Material Selection :
The materis] selected for the mode! inflatable structure is a film-cloth laminate consisting of

Dacron cloth, Type 481 ....... vevs 45 oz/yd?
1-mil weatherable Mylas film....... 1.0 oz/yd?
Clear adhesive ....... ereerenens 0.5 oz/yd?
The total weight of the laminate material is 6.0 0z/yd2. This material wae manufactured by the

Schjeldah]l Company.

The Type 481 Dacroa cloch is a 2 x 2 basket weave cloth made fom Type 51 Dacron fiber.
This cloth has a warp strength of 225 Ib/in. and a fill streagth of 205 1b/in. This laminate mate-
rial is considerably stronger than required for the peessure and wind loading anticipated for the
model. This material was selected because of the desirability of developing manufacturing tech-
niques with a heavier material more closely representing the characte.iatics of a material that
would be suitable for a full-scale Radoflector and because of the immediate availabilizy of the
Type 481 Dacroa cloth.

3. Eloagation Considerations

A cylinder 12 inches in diameter and 36 inches loag was fabricated and pressuce tested as
shown in Figure 27 ro determine elongation characteristica of the laminate material. Circumferen-
tial and longitudinal growth were measured under pressure with additional mxial load applied to
provide longitudinal stress level equal to the circumferential swess level since the near spherical
shape of the Radoflector model would have near equal stress levels in all directions. Allowing a
five-minute creep time interval for each reading, measurements were made over a pressure range cf
0.5 to 5 psi which provided fabric stresses within the operating stress levels expected during
field testing of the model. Elongation d2ta was not conclusive; however, resuits indicaced 2
growth in the order of 0.5 percent at the stress levels anticipated for the model.

A 22-inch diameter sphere was fabeicated from the same Dacroa-Mylar laminate material to be
used for the scale model to further evaluate elongation and to check the peeforming and splicing
techniques. Each hemisphere of the sphere consists of five gores which were vacuum-formed and
then agsembled on & steel mold, using s Schjelbond GT-100 as the bonding agent. The unit was
thea peessurized in one-psi increments from 1 to § psi. Mcasurements from the center of each gore
on the opposite side were taken at each pressure increment as a further check oa growth chame-
teristics. Measurements showed an appeoximate sverage diametric growth of 0.64 percent with a
short creep sizme increment of similar duration to that uzed on the cylinder elongation test.

Experience has shown that elongrtion will increase with time under load conditions; since the
test measurements “rere taken after a rather chort time period (5 minutes), an eloagation allowance
of 1 percent was selected. The coatour dimensions used for initial fabeication of the model were
decreased by this amount to allow for growth after pressurization.

4. Configuration

The model inflatable structure design shown in Figure 28 consists of 12 equal sized (30-
degree segment) vertical goce panels bonded together at thin edges with s butt splice. A small
circular section is inserted at the crown foc termination of the gore panels. The Nylar face of the
[aminate is oo the outside surface, and all joints are boaded on the inside {Dacron to Dacron)
utilizing a butt strap. Eight steps crossing at the crown of the structure and extending down just
below the 45-degree tangent point provide attachment for 16 guy cables.

The bottom edge of the inflatable structure is reinforced and flanged inward to provide for
attackmeat to the base platform.

The upper half of the reflector surface consists of parnllel 0.010-d’ameter stinlcss steel
wires otiented az 45 Cearees. The reflector elements were laid out by drawing methods and wer2
checked by calculations.
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A difficalty encountered with the wire layout evolved basically from the two different curva-
ture functions that form the reflector surface contour. The wires are spaced at 0.13(+0.025,
~0.050) inch and cross at a 45-dcgzce angle to all lines that are paralie! to the base at all heights
of the Radoflector. This configuration was selected to obtain maximum efficiency of the reflector.
The objective is to place the wires so that the projections of the reflector surface grid and the
transparent grid surface (the opposite surface) onto a common plane should result in nearly a 90-
degtee included angle between the two lines at the intersecticn point. Also, this 90-degree pat-
tern should be maintained over as large a portion cf the aperture as possible. For the scale model
layout, the exact 90 degree included angle is centered vertically in the middle of the wire pattem
(vpper half of the reflector) to optimize the included angle and spacing. The table in Figure 28
shows the geometric ordinates fu the paralle! wite locations on the surface of the reflector. It
was found foc the relatively short over-all height of the parallel wire reflector section located near
the center of the near spherical structure that wires spaced at a constant spacing at a 45-degree
angle on flat Mylar film, when formed to the reflector contour, would satisfy the geometric require-
ments within satisfactory limits.

The lower half of the reflector surface is a solid reflective material utilizing vacuum de-
posited aluminum 2000 angseroms thick on Mylar film. 1he two reflective materials are bonded
to the outside surface of the inflatable structure.

5. Fabeication Techniques and Tooling

A hemispherical male form block was fabricated for laying up and bonding the gored structure
and for use as a master for fabricating a female preforming mold. This tool desiga is based on
adding a build-up to an existing eight-foot diameter hemispherical form block to achieve the de-
sired contour. The existing form biock was built up as shown in Figure 29 by adding wood ribs
and expanded metal scteen. Epoxy resin was applied to approach the desired contour. Final ac-
curate contour was achieved by sweeping thin coats of resin on the surface with an accurate con-
tour template which is hinged at the two vertical pales of the form block. The completed male
tool is shown in Figure 30. From this male form block a fiberglass female preforming mold was
fabricated. This female section was utilized as a preforming mold for the Dacron-Mylar gore sec-
tions. A fiberglass female trim template was also made irom the male block for nse in tiimming
the preformed gores to exact size. )

Upon completion of the preform and the trim tools, the development of a fabrication process
technique was undertaken. This development was very important in that a number of different
materiajs, adhesives, and steps are involved in the manufacture of a gore. The following tech-
niques were developed and utilized for fabricating the model:

The first step was to bond the aluminum wires at a 0,12 spacing to a Mylar film using a fila-
ment winding concept. The wire-Mylar film was then trimmed and otiented to a 45-degree angle.
Uszing a heat sensitive tape, aluminized Mylar is then bonded to both ends of the wite film. Al-
though the aluminized Mylar is not attached above the wires in the completed inflatable structure,
it must be artached at this point to enable the applying of a vacuum in the preform tool and trimmed
off later. This assembly, slizhtly larger than a gore, was then placed in the preform tool, & vac-
vum was applied, and the assembly was allowed to cure in the oven (see Figure 31). This assem-
bly was then temoved from the peeform tool. ‘

The second step was to cut a section of the Mylar-Dacron cloth to a size slightly larger than
a goce. This section was then placed in the preform tool, a vacuum applied, and the material
cured in an oven. )

The third step was to bring the two preformed sections together in the preform tooi, apply a
bonding agent between them, connect a vacuum, and cure the complete assembly in an ovsa. This
completed section then is one of 12 gores laminated of wire-Mylar, aluminized Mylar, aud Mylar-
Dacron cloth,

The fourth step was to accurately trim the completed section to the gore size, using the trim
tool. At this time the aluminized Mylar material lying above the wires was trimmed off.

Six preformed gores were then bonded together on the inside surface (Dacron side), using a
butr splice joint to form each balf of the influtable structure (see Figure 32). Schjelbead GT-100
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NOTES: UNLESS OTHERWISE SPECIFIED
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VY

Lis SORS TO BE PLFOIMED 1O GORE LIMS AND
SONTOURS DtrinED BY TOOL MOLD. (REF. TOOL
CONTOUR, FIGURE 201

ALUFABIC PARTS TO 4E MADE FROM 8 OL/YO?
DACLON-MY LAY Fil M LAMINATE (GAC TEMP, COUL
172306) PURCHASED TRCM SCHIELDAML CO.
NORTHFIELD, MINNESOTA

. USE CLEAR POLYURFTHAL £ CEMENT €CUNALENT 1O

ST a0 CIMERT CODE 2311-C ([XCFPTIT 15 TO ME
COLOMESS FCi all FAYING SURFACES AND wikE
PATIERN.

. SOULID REFLEC 1w 10 we $ARPICATED FRCM GOYE

PATTERMS OF QME MIL ALUMINUM COATID MYLAR,
GOPE PATTERN SIZE 1O 8 DITERMINED FAOM QOME
AT (NFLATION

L USE 010 X2 DIA SHG L STIAND METALIIC wiRE

FOR THE WIRE PATTERN, WIRE SPACING AND LCCA-
THOM TO B8 IN ACCORARCE WITH TR DIMS SHONN
IN TAKE.

L WIRE PATIEIN 10 M FORMI™ FAOM 1918 INDIVIOUAL

WIRES, SPACED AS $OV/N 110 T2BLE AND POSITIONED
AS FCLLOWS: PATH OF 1) #IRE TO BE DEFINED §Y

"X AND 'Y DIMENSIONS SHOWN 1% TASLE  WHICH
ARE MEASUIED ON RADOFLECTOR AS FOLLOWS "X”
DIMENSION TO BF MEASURED ON CIRCUMFFALE

OF MEAN DIAMETER OF WIRE PATIERN, ~Y" DimEN-
SION 10 B MEASURED ON GORE LINE.
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Figure 32. Preform Tooi and Form Tool with Geres in Fabricotion Process




heat sealing adhesive was used as the bonding agent. The two halves were then bonded together
to make the complete Radoflector structure.

The seam coastruction presented the major peoblem in the assembly of the inflatable model.
During fabrication, the heat sealing of the s:ams shrinks the laminate material in the sexm area.
This shrinkage causes a scalloping effect at the gore seams and wrinkling of the adjacent antenna
fabric-film since the seams are shorrer than the adjacent material because of shrinkage. After
initia) inflation, the wrinkling of material adjacent to the gore seams was still evident, indicating
a near zero stress condition in this area with the majority of the load being in the seams.

In an attempt to improve this coadition, the material next to the scams was shrunk with a hot
iron of the same type used for making the original seams. This was done at all seams with the
medel inflated and was successful in eliminating practically all the wrinkles. Continued applica-
tion of inflation pressure, after the above hot iron shrinking process, was successful in effecting
a coasiderable improvement in the scalloping or indeatation at the seams.

Subsequent to the aysembly of the inflatable structure, the seaming technique was investi-
gated further in an effort to eliminate the shrinkage problem and the resulting wrinkling and scal-
loping in the seam area. Seam samples have been made uaing butt splice strips made from pre-
formed laminate material and a modified technique for applying the heat sealed adhesive. Very
§00d resulic wvere obtained on sample seams made in this maaaer, indicating satisfactory elimina-
tion of the shrinkage characteristic encountered on the model.

D. Base Platform ond Guy System

The base platform design is octagonal in shape, consisting of two 3/4-inch thick plywood
skins spaced approximately four inches apart by eight radially spaced 2 x 4’s. Sixteen cantile-
vered outriggers are bolted to this main platform. Sixteen guy wires, to simulate full-scale con-
figuration during model pattern tests, will be attached from t!. outriggers oa the base to tabs on
a support uap that fits over the top of the Radoflector model (see Figure 33).

E. Feed Support

The feed support is a cantilevered welded tubular strut with a sliding joint at the base to pro-
vide hand screw actuated vertical adjustment oi the feed horn. The feed support is in tum mounted
on w machine tool universal vice which provides precision two-axis lateral position adjustmeat. ‘In
addition, the tilt angle of the feed horn can be adjusted (sec Figure 34). The above adjustments
are provided so that the feed hom can be located in the optimum position with respect to the Rado-
flector surface during rf radiation pattem testing.

F. Entronce Air Lock .

The entrance airlock consists of a fabric cylindrical sleeve that is attacked to the base plat-
form, a base plate, a pressure-sealed zipper entrance into the air lock, and a pressuce-sealed
entrance door in the base platform (see Figure 35).

G. Pressurization System

Az existing portahle electrically driven compressor system was utilized with suitable reducer
valves to pressurize the Radoflector model. A liquid manometer was used to permit manual moni-
toring of the pressure during the panera testing. Inflation pressute range was established to be
between seven and nine inches of water, A pressure relief valve was provided in the base plat-
form to protect the Radoflector from overpressure.

H. Testing

1. General

The scale model was analyzed both elecmically and mechanically, To make a proper analy-
sis, however, a comparison basis had to be established, This was accomplished electrically by
fabeicating 2 standard dish to the theoretical horizeata] and vertical contours and mechanically by
fabricating a vertical contour template to the theoretical vertical contour,

2, Standard Dish Tests

As stated previously, the reasibility of the Radoflector concept was established by compa;ring
the test results of the scale model with the test results of an equivalent solid reflector in place of
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the inflatable reflector surface, using the same feed and grourd plane. The solid reflector, which
is referred to as the standard dish, has an apestisre equivalent to the portion of the inflatable re-
flector, which is illuminated with a taper greater than -14 db. '

The standard dish horizontal aad vertical contour was made from a special tool. The tool was
fabcicated from w10d and plaster and accurately swept with a templace cut to the contour of the
universal dish. Tie standard dish was fabricated on the tool by laying up a reinforced laminate
of fiberglass. After curing, the fiberglass was metal sprayed with zinc to obtain a reflective sur- . S
face (see Figure 36). The standard dish was installed on the scale model base assembly in the :
same relative position that the inflatable structure reflector was in when inflated. The complete
assembly was transferred to GAC's Wingfoot Lake Antenna Test Facility and installed on the silo
test tower (see Figure 37).

The antenna pattern measurements were determined using a 960-foot antenna test range, with
the transmitter and test antenna located 40 feet above ground level. The feed position was ad-
justed to obtain the best trade-off between azimuth and elevation patterns. Figure 38 shows the
final feed position with respect to the contour coordinants. Figures 39 and 40 show the corre-
sponding elevation and azimuth patterns at the center design frequency. The gain of the antenna
was determined using a standard gain xn. The following electrical characteristics were
determined: o g s 4

Gain (G) = 51.35 db at fy = 9.08 ge. R | D

Half power azimuth beamwidth (a) = 2 degrees at £; = 9.08 ge. Y :

&
4

Side lobe level = 19 db at fy = 9.08 gc at elevation angle of maximum radiation intensity,

Elevation pattern: csc? 8 from 9 to 30 degrees within +2 db at fy = 9.08 gc. ‘

Table 9 gives side lobe leveﬁls and beamwidths (a) at the peak of the elevation pattem; de- S , :
viations from the theoretical csc* ) elevation pattem between 0 and 30 degrees; and gain figures
at the test frequencies 9.08, 8.72, and 9.44 gc.

O P R P At

TABLE 9,
Standard Dish Test Results
Azimuth
) Beamwidth Sidelote Devxatxozn ;
Frequency Gain at Peok of Leve! From csc* 6

(gc) (db) Elevation (db) Elevation ‘

Parttern Pactem (db) -

{Negrrec)
9.08 31.35 2.0 -19.0
9.44 30.45 2.0 -19.25 +
8.72 32.50 2.0 -19.0 +2.0

} It should be noted that the elevation patterns exhibic an unusually high secondary lobe at an
elevation angle of 13 degrees. The deviation of 22 db from the esc? 0 curve was attributed to this
lobe. :

The deviation from the csc? @ curve was considerably less than $2 db in the region fiom € =

13 degrees to A = 30 degrees.

‘The rasults did nct quite meet the desired design objective), but the 42¢a <an be compared to
the scale model Radoflector to prove the feasibility of the Radoflector concept.

" The test results were less than the desired chjsctives because of the following factors: o
There was sume warpage of the standard dish, particularly in the area of the upper two corners. 1 :
The comers warped inward either during cure or metal spraying cr both. This resulted in some
deviation from the desired vertical contour, particularly in the area of the outer edges near the
upper corners where the deviation was approximately 1/4 inch. Also this warpage causes the
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NORMALIZED VERTICAL
REFLECTOR CONTOUR (TABLE 4 )

/’/ ’
110
- HORIZONTAL PLANE _ 11'//’ A=
Y0 -1°

s / . CENTER OF RevOLUTION |

N
/ FOCAL POINT
/ (X=27.5",Y¥ =-0.5") -

PRIMADY »;mm AXIS
( FEED ANGLE=-1)2)

GROUND PLANE

Figure 38. Feed Position Parameters Determined for Standard Dish Tests

horizontal radii to be sharper than desired near the upper edge where the comers were warped
inward approximately 3/32 inch.

The variation from the established vertical contour contributes to the vertical pattern devia-
tion. The high secondary lobe at 13 degrees probably results from this condition. Also the
change in horizontal curvature, due to the warpage, tends to cause the horizontal and vertical
focal points to be separated from each other farthes cian auticipated. The feed position was
adjusted to yield the best compromise becween the horizontal and vertical pattems; however, the
results were not as satisfactory as would have been expected if the hourizoneal and vertical focal
points had been more nearly coincident,

3. Scale Model Tests

The standard dish that was used in the test previously described was replaced with the scale
model Radoflector. The same feed and support stricture wers used in both tests. Figure 41
shows the inflated Radoflector mounted on the antenna test tower, The feed position was ad-
justed slightly (from the position determined from the standard dish tests) to achieve the best
possible elevation and acimuth patterns. Figure 42 shows the final feed position witii tespect to
the contour eoordinates. Figures 43 and 44 show the cerresponding elevation and azimueh pat-
teras at the center desipn frequency. The gain of che antenna was determined in the saue manner
as in the standard dish tests, using a standard gain horn. The following electrical characteristics
were determined:

Gain (G) = 30.9 db at £, = 9.08 gc.

Half-power azimutt beamwidth (a) = 2.1 degrees at fo = 9.08 ge.

Side lobe leve! = 15 db at fy = 9.08 gc at elevation angle of maximum radiatisn intensity,

Elevation patiera: csc? from 9 degrees to 30 degrees within £1.5 db at fy = 9.08 ge.
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Figure 42. Feed Position Pararieters Determined from Scale Model Radeflector Tests
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Table 10 gives the deviations from the theoretical csc? @ elevation pattern berween 0 and 30
degrees, side lobe levels, gain, and beamwidths (a) at the peak of the elevation pattern at teut
frequencies 9.08, 8.72, and 9.44 gc.

TABLE 10.
Scale Model Radoflecter Test Pesules
Azimuth
. Beanwidd Sidelobe Dcvmnozn
Frequency Gain at Peak of From csc* 6
PR Level .
(ge) (db) Elevation (@b Elevation
* Pattern Pattern (db)
(Degtees;
9.08 30.9 2.1 -15.0 +1.5
9.44 - 2.1 -14.8 | +1.8
8.72 | - 2.2 -15.0 © a8

It is interesting to note that the unusually high secondary lobe, which occurred at an eleva-
tion angle of 13 degrees in the standard dish test, Jiminished. It seems apparent that the inherent
vertical curvature characteristics of the intlatable surface has eliminated the appearance of a
warped surface, which was the case using tte standard dish.

The uniformity of the reflector surface was determined by taking elevation and azimuth pat-
terns with the feed position chanyged in azimuth in inctements of 45 degress. In this manner, vari-’
ous seyments of the reflector surface were lluminated, and the variance in resultant patterns was
observed. Table 11 gives the resultant azimuth bearaw idth and side lobe characteristics as the
feed position is rotated in azimuth.

TABLE 11.

Variation of Electrical Characteristics of Scale Model Radoflectot 1s
Feed Position Is Varied in Azimuth (f = 9.08 GC)

Feed Position Azimuth Beamwid‘zh ‘
Variation in Azimuth at Peak of Eievation Sidelobe Level
(Degrees CW) Partern (db)
(Degrees)
0 2.1 -15.0
45 1.9 -11.8
90 2.0 -14.4
135 1.8 -10.6
180 2.3 =14.6.
225 2.1 -12,0°
270 2.3 -12.4
315 1.9 ~14.0

*A severe coma lobe appesrs in the main lobe with a vulue of ~6.3 db at the
225-degree feed position.

4. Vertical Contour Evaluation

A template was used to check the Radoflector vertical contour, The template was fabricated
to the theoretically calculated vertical contour und was mounted on & support that provided verti-
cal, horizontal, and tilt adjustment,
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Certain checks of the Radoflecter contour were made prior te far field ¢f tests; however, after
completion of the rf tests a more detailed evaluation of the scale model was wade. The data ob-
tained during this evaluatiou is given in Table 12.

To measure the contour deviation the template was mounted as shewn in Figure 45 at on~ of
the even numbered outrigger arms or station auwbers wlwwa in Figure 46. The template was ad-
justed until the upper and lower edges of the template were 0.50 inch from, and in line with, the
upper and lower limits of the Radoflector reflective surface. (In Table 12 the dimensions +19.56
inches and -20.69 inches define the upper and lower limits, from Y = 0, of the reflector surface
respectively.)

Measurements that define the Radofiector deviation from the template contour were then taken
at Y = +10 inches, 4.0, and Y = -10 inches. To supplement these measurements additional
measurements were taken. Thes® iaclude the angular position of the template, the radia! position”
of the template, and the gore seam indentation of the rop, center, and boitom of the reflective
surface. -

The measurem®ni ;}i'fned above were made and recorded at every even numbered station
around the complete: circumference of tl.2 Radoflector.

An analysis of the Jata in Table 12 reveals that, even though the gote seaming problem out-
lined in Section 4, paragraph C-5, caused a scalloping of the inflatable structure, the deviations
from the maximum surface tolerance of +0.081 inch 1s generally not severe over most of the gore
sccrions. Because a solution to the gore seam problem has already been determined and tested on
sample sectiors, it is believed that for future unizs the contour tolerance of A/16 can be held over

the entire surface.

An observatica of the deviations of the botiom edge of the template horizontal position from
the iheoretical position of 44.00 inches shows that the inflatable struciure diameter is undersize
at this point by 1.25 inches. (The figure of 1.25 inches is an average of the devintions shown in
Table 12.) This undersize condition is attributed primarily tc the gore seam scalloping effect and
would not be appreciable in future units. :

S. Analysis of the Far Field Test Results

Tle results of the test program demonstrate that the Raduflector principle is capalle of closely
matching the preformance of a solid reflector antenna. Compariznns between the scale model and
the standard dish are as follows (refer to Tables & and IU):

(1) The scnle model Radoflector achieved the desired csc? 8 elevation pattern from 9 to 30
degrees within 1.5 db. The standard dish did not quite achieve 1.5 db, but rather
achieved +2.0 db because of warrage 2t the corners of the reflector.

(2) At ceater frequency (9.08 go) the difference in meaqured gain between the scale model
and the standard dish was less than 0.5 db. Both reflectors excueded the goal of 30-db
gain by approximately 1 db.

(3) The measured side lobe levels of the scale model were higher than those of the standasd
dish. At the elevation angle of peak radiation intersity, the scale model side lobe I vel
was —15 db and the atandard dish side lobe level wag <19 db, or —4 db lower than the
scale model. Neither reflector achicved the goal aide lobe level of ~25 db.

The uniformity tests conducted vn the reflecting surface indicated that the principal effect of
non-uniformity is an increase in side lobe level and degridation of azimuth pattery. The elevation
pattern was affected, but to a lesser degree by the non-uniform surface. The respective elevation
and azimuth patterns are coutained in Appendix A,

Wich the exception of side lobe characteristics, the feasibilicy of efficiently producirg a de-
sired shaped beam radiation pattern uxing the inflatable Radoflector concept has been suown. The
excessive side lobe levels have been strributr ! mainly to the botizontal contour deviations that
occurred because of the gore seam indencation effect and aperture blockage due to the feed suppon.

The test reaults of the scale model have indicsred areas in which electrical performance can
be improved by moderate design modifications. For example, by reducing the 10-db beamwidth of
the primary horn from B2 to 73 degrees, a reduction in sidc lobe level can be realized and has been
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RADOFLECTOR — \

VERTICAL CONTOUR TEMPLATE~ 0.5

ANGULAR SETTING OF TEMPLATE” |
t

VERTICAL CONTOUR
TEMPLATE SUPPORT

Z
HORIZONTAL G

7

™~
\
/
Y
—

SOLID REFLECTOR SECTION

OUTRIGGER ARM

~ TEMPLATE !
POSITION FROM
DESIGN CONTOUR

VERTICAL ADJUSTMENT BASE ASSEMBLY

_ SCRIBE LINE 44.00

\a)
TEMPLA:E >CKIBE LINE ¢ OF BASE ASSY

44,00 TO BASE ASSY

Figure 45. Scole Model Contour Template Mounting
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RATOFLECTOR
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Figure 48, Scale Mode! Contour Measurement Locations

incorporated in the finalized full-scale design. In addition a mere significant reduction in side
lobe level can be realized by reducing the aperture blockage of the antenna system.

It was stated in paragraph H-4 that for futuz= units it is believed that the fabrication contour
tolerance of A/16 can be held over the entize surface. As a result a significant azimuth pattem
impeovement should be realized with side lobes in the order of <19 db. The elevation and azimuth
patterns should also be relatively independent of the rotational position of the feed.

5. CONCLUSIONS AND RECOMMENDATIONS

The results of the engineering study and scale model testing have demonstrated that an in-
flatable structure can be fabricated to a specific contour and maincain this contour after inflation,
that an inflatable structure can be surfaced with a grid of closely spaced parallel conductors or
dipoles to form u reflector that does achieve specified radiation parameters, and that this com-
pleted inflatable structure (Radoflector) can be installed in a practical hardened enloswe to
answer the military need for a survivable emergency antenna system.

Inscalled as a ground control intercepe or retumn to base communications antenna, in the en-
vitons of a missile silo complex as an emergency communications (troposcatter or microwave)
system, or as an emergency search radar system in the aircraft air defease environment, it will be
capable of erection and operation without external resources immediately following a devascating
nuclear blast.

It is vecommended that the Air Force proceed with the design and fabrication of an engineering
service test model of the poss-attack antenna system described herein and also included in the
prototype design data (Reference 5). Particularly, it is recommended that immediate effort be ap-
plied to the materials test program outlined in Seetion 3 to select the best combinati~a of high
strength, lightweighe, inflatable riarerials,
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Appendix C
ADDENDUM 1 TO RADC.TDR-§3-84

It has been established that theve was a diffzrence of interpeetation of the vcrticui pattem
specification oa the program redotted herein, In essence, the interpretation made by Goodyear
Aircraft Corparatinn (GAC) is that the pattem is defined from 8 = 9° to 30° elevation angle and
shall follow a patcern csc? 8 berween these limits. Rome Air Developmeat Center (RADC) de-
sited a pattern that is dofined from 0° to 30° having a 9° beamwidik and thew c3c? to 30%

It is the opinion of GAC that either pattern can be achieved using the Radcflector. As will
be listed below, the differences in the configuration to meet the altemate pattern requirements ure
»mall. Hence, the feasibility demonstrated in this TDR is applicable ro both pattern requirements.

DESIGN OF VERTICAL APERTURE

A peculiatity of the Radoflector design is that the use of a single, simple feed horn requires
that the vertical aperture be equal to the horizontal aperrure. This fact is derived from the re-
quired use of a hoen polarized at 45% aud the undesirability of a canted ellipticai tiivminziion of
the reflecting surface, Since the specified patterns can be met with & horizontally oriented ediptic
reflector, a larger than accessary aperrure must be used.

In the previous Aesign, the excess aperture imposed no peoblem. With the pattern defined
from 9° co 30° the “tumblehome,” or drop-off in energy outside these angles, could be as sharp as
desired. Hence, extra height was used to shazpen the "wmbiehowe” in the acgular range foom 5°
to 9°. This was accomplished by scaling the vertical aperture while waiataining the ratic of the
parabolic to shaped apertures.

However, since the pattern desired by RADC is defined from 0° to 30°, the epproach used
previcusly is no longer entirely correct. A suitable alternate appreach, though, lies ‘o the uze of
a bean consisting of csc? shaping from 9° ta 30° aad the modified shuping rrquired from 0° to 9°,
In tkis way, the “tumblehame” resalting from too large an aperture is “filled in® by & section of
the reflector ar the top of the aperture. The computacional effort to define this contour is not ap-
preciably different from that used oo the previous simpler design.

A cursory computation of the probable contour based or relative enccgy considerations hee
been made. A plot of this contour is shown in Figure 19A, which gives the peevioua contous for
comparison. To accentuare the extent of the differerces, the botton point of each contour is mede
the same. A plot of the elevarivu ititeq uliained with the originel eontour compared with the
predicted elevation pattern for the modified concour is shown in Figure 15B.

As is evident, both contours led to essentially the same configusation. The moat noticeable
differences lic in the relative widths of the bards of solid reflector and parsllel wire reflectors,
Thia variation, however, has an almosc negligible effect on the electrical performance, resulting
as it docs in & amall loss in gein, As is noted in this TDR, the gxin specification is exceeded.

MECHANICAL AND STRUCTURAL DESIGH

In considering the effects of the modified reflector contous from a mechenical and stucruesl
design standpoint, no change has resulted that would affect cthe feasibility cf the Radofl=ctor con-
cept. The mecarnical characterixtics of the initial reflector contour, developed and tested during
the Radoflector program, will be babicaily the same for the modified reflector vostovs. An can be
noted in Figure 19A, rwo basic changes would occur in the mechazical deaign as a reault of the
modified reflector contour:

(o]
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Figure T9A. Modified versus Original Geometry

(1) The cver-2ll Radoflector size is smaller,
(2) A larger percentage of the reflector surface is a parallel wire grid rather chan a solid
reflector.
The smaller Radoflector size presents no design or fabrication problems. If anything, the
reduction in size improves the structural performauce somewhat, since it reducss deflections
caused by the wind loading on the structure.

SUMMARY

The novelty of the propozel dc.ign results seictly from the rariry of a penblem involving o
much aperture. The concept is practical, straight-forward, and relatively simple. The resultant
design varies ia only minor details from that previously achieved and in no way casts deubt on the
proof of feasibility. Inasmuch as the design variation is insig-ificant, there is no change in the
budgetary estimate for the fuli-scale engineering service test model.
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